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INTKODUCTOEY NOTICE. 


The following pages are ^tended to supply the student with a comprehensiyo account 
of the present condition and probable early history of the external crust of the earth, 
an elementary treatise on the science of Crystallography, and a systematic a*i*angcment 
and, description of the various Minerals found in nature. } 

The author of the treatise on Geology has already published both elementary and 
practical works on thij subject ; and to one of these ho feels it right t<mfer, as it may 
seem not dissimilar to the present treatise in plan and treatment. The work alluded 
to (“ Elementary Course of Geology, Mineralogy, and Physical Geography,” London, 
18 o 0 ) is, however, in reality very unlike this, and adapted for a different purpose. 
It may either succeed or accompany this volume in the hands of the student, but 
cannot be substituted for it, being more technical, and in greater detail in the depart- 
ments of Physical Geography and Descriptive Geology ; while the Geological portion 
of the following pages will be found to abound in generalization,— theoretical, descrip- 
tive, and practical. As an instance, the Author may mention the distinct treatise 
on the application of Geological Knowledge to the Art of Landscape Painting, which 
forms a prominent part of the division entitled Fraetieal Geology*' The novelty 
of this subject, its great interest, and a due consideration of the many ways in which 
the observations of the Artist and the Geologist run parallel, -form an ample apology 
for its insertion ; and the mode in which the subject was received by the profession 
(when it formed the substance of a scries of Lectures delivered a few years ago at the 
Suffolk Street Gallery, before the Society of British Artists) has induced the Author 
to bring it forward on, the present occasion. 

Many other practical applications of Oology have also been dwelt upon at con- 
siderable length, but these hardly require explanation. The (gibjects of Water Supply, 
Mineral Fuel, and Mining, come too frequently before every man engaged in active 
pursuits to be otherwise than interesting ; and the space given to them, 
though considerable, bears no undue relation to their real importance. 
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It is only noocssary to explain further, that the descriptive part of Geology, and the 
detaift of Palic^ntology, have been reduced to an outline, in order to a<lmitaf a fuller 

development o*f other divisions of the same great department of human knowledge. 

• 

Tlic treatises on Ciystallography and Mineralogy will, it is hoped, be found to 
contain all tlie information which can be required by a student Avishing to master 
the elements of those sciences. The vaiioua forms of CrysKils arc referred to six 
groat classes or systems ; under catdi system will he found complete lists of all tlic i 
miiug-als known to have assumed forms or facc.<^ bclongiuji to it, together Avith the 
angular ilemeuts Avhich determine their relation to their axes. Each fo-rm belonging 
to the s]^^m is then described; its mathematical properties discussed; simple I 
geometrical ecm^nietions are given for modelling every variety which can oectr in 
nature, as Avell as rules for representing them on paper, and laying down their poles 
on the sphere ^)f projection or its map. This is followed by a#list of all the species ' 
of the form which have been observed in the Mineral Tvingdom, the symbols used by | 
various authors for their description, and their respective angles. } 

All tlio important formulie for the calculations of the angles of Crystals arc given, j 
and these formiilm are solved for nearly CA’cry ease Avhicli has been recorded in the ’ 
best and most recent Avorks on Mineralogy. Indeed it nmy be slated, Avilh perfect 
propriety and truth, that this is the only treatise at all available to the student, in : 
Avhicli the systems of Crystallography arc treated in a manner suitable for the class | 
or lecture room. 

In the systematic description of the principal physical properties of Alinerals, the 
chemical arrangement of the Hritish Museum has been followed, as possessing great 
advantages for those Avho may avail thcmselAa'S of the facilities alForded them in con- 
sulting one of the finnst collections of Minerals in the Avorld. 

The student is tliiis presented Avith two distinct classifications of Minerals, — one ■ 
in the Crystsillography, according to the foi-ma of their crystals, and the other following 
their chemical composition. ij 

London, XovcniheTf 18dJ. 
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General Introduction. — ^Tlic science of Geology, at the present day, is not 
by any means that collection of theoretical views and vague notions which it was sup- 
posed to hi', and to some extent really was, a quarter of a century ago. Its facts are 
numerous, well arranged, and of an impoitance that cannot be questioned. The oy>inions 
held by its students arc based upon various roin^^tc observations, and on analogies 
strictly philosophical. The reasonings from wliich its conclusiona arc drawn, arc 
strictly inductive, and the results obtained arc applicable to various practical purposes, 
and arc second to none in importance. 

It embraces also a ’W'ido range of knowledge, as well as application— Physicjal Geo- 
graphy, Chemistry, Mineralogy, Zoology, and Botany, being Bucc(;ssivoly called on for 
tlicir aid, while Agriculture, Architecture, Civil and Military Enginc<'ring, and Mining 
arc all dependent on it for much essential assistance, and arc becoming more so every 
day. 

Geology is now generally understood to include all those departments of tlio various 
sciences of ol)3ervation which help to explain or deseribo the actual condition of the 
earth's surface, and the various phases through wliich it has passed. It is thus at the 
same time a description and history of our globe ; and although the nicro descriptive 
part is recognised under a distinct name — Geography— yet is this term only under- 
stood generally as applying to the earth as the habitation of man, and with reference til 
the distribution and wants of the various families of the human race. 

The past liistory of the earth, using this term in its most extended sense, ncccs- 
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sarily involves the consideration oi* various possibilities, about which iiinch chn'or argu- 
I ment has been wasted, and muoh ill-feeling excited. The discaission of qiK'stions of 
I tliis ^turo is, however, as uiiphilosopliical as it is undesirable, for the duly of those 
I who pursue selenoo. and endeavour to render it \iseful to the general i)iiblic, is clear 
anfl sU’aightfn'warcI. They have to present facts as they appear, and descTibo nature 
■ ns she presents herself. 'J'hcy may indeed suggest inferences, but Ihej' have nothing to 
do eitlier with doubts or dogmas ; and in all cases this simphj statement of truth, as it 
is received, felt, and acted on, cannot bo other than right and \iscful, from wliat'-vor 
ilireetion it comes, or w’liatcvcr difficulties maj' appear to he connected willi its 
I development. • 

Physical Geography-— One ojthc first suhjoeds for consideration, in a treatise, 

; however hi-ief, (»u general Geology, must he the actual pifsciit condition of the eartli. 

^Without some knowledge of this, there is no foundation^on -which to build usi-ful 
g('ological knowledge! of any kind, — ^all is vague, uncertain, and shifiing, and any 
deductions and conclusions as to foraier conditions or former changes, are almost i'(‘rtain 
I to he false, or lead to unsound generalizations, unh'ss founded on actual knowledge 
of tlie pn'sent state of the eai-th, and the changes that now go on owdiig to the opera- 
tion of known causes. 

We pro])o%', then, in the present p.aper, to give such outline accounts of the surface 
I and external crust of our glolx', ns may communicate reasonahk^and correct ideas .as to 
. its possible mode of fovfuatioii. Wo shall, not, indeed, enter into dt'tail, rather desiring 
to flii-cet atti'iition to the gi*eat sources of information, than pretending to ofier tuj-sv 
and niiconsidertd statements, hut W'ohope to show that this department i)f seiimcc imt 
only rcipiiros study, hut fully repays any atUmtion givc'U to it. 

Tlui form of the earth is \vcll known to he that of a slightly ilattcTicd sphen',— the pole, 
or imagin e, V line between the northern and southern (‘xtrijinities, hciiig shoi-ter than a 
* line drawn throiigli the centre tc) meet the equator at opposilt points. Thn amoimt of i 
fiattening at eaeJi i>ole is about 13]; miles, or in other words, the shoi-tcT diameter ditfors I 
! from the longer by 20 7 miles. As, h(AVCVor, the diameter of the (!arlh is nearly 8000 
I miles, the difieri'iicc is not more than ecpiivalont to a fiattening of onc-sixteentli of .an 
j inch in the case of a three- foot globe, which woidd he altogctlu'r inappreeiahlc by the eye. 

I There is no reason to suppose that the extnanc vertical distance h(!twecii the to]) of the 
; loftiest mountain and the deepest point of the ocean exceeds this comparatively small 
1 distance', nor is it i)ossiblc for us cvc’n to attain a knowledge of the present state of tlio 
I interior fi\)ni .actual observation to an extent at all equal to this. It is W(‘ll to hoar in 
' mind thi'so fac’ts in speculating on the slate of matter so far out of the range of oui* 

I observation as tlie interi )r of tlio earth’s crust must of necessity he. 
i The surface of the earth, which may be stated in round numbei's to consist of two 
; hundred millions of square miles, is somcw’hat invgular, though, as wo have already 
seen, the propoilionate amount of the irregularities is small. About three-fourths of the 
Avhole, being the low’(‘r or i*ecc»sed portion, is covered with water, varying in depth from 
a few inches to ten miles ; and the whole, both land and -water, is covered wdth a film, 
probably alx)nt one hundred miles in thickness, of a peculiar gaseous compound, calk'd 
by ns air, or the atmosphere. This would be equivalent to about half an inch on the 
surface of a three foot globe. All known phenomena of light, heat, and electricity- 
all the vast and marvellous and complicated phenomena of vegetable and animal lik’ — 
all the chemical changes connected with the distribution and production of mincviil 
wealth— cverytliing wc know of or think of in the earth, or can conceive of as con- 
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j acctcd in any way with ourselves, goes on within this nan-ow belt of a hundred miles 
I abo^'u and bfdow the level of the ocean, or tlu‘ Iialf inch above and below the general 
' surface of a lai’go (Common globe -whose? diameter is thirty-six inches. 8oine people 
have endeavoured to illustrate the e.ondition and form of the earth moi'ft fiimiliarljT by 
refemng to an orang(», but tlu* tliinncst skin of even a largo fruit w’Cftdd be more than 
equivalent to the whole of this 200 miles, and the irrcgalarities on the smoothest skin 
' would represent gigantic mountains, comi)ared with which, the Andes and Himalayas 
arc but mole-hills. 

But comparisons and analogic's are not always the best modes of obtaining ideas on 
• subjects such as those an? eonsidei-ing, for th(*i\? are many things that are important 
and real, in the phenomena of the earth's Mirfiiee, though, when reduced by comparison 
with small (dijccts, they appear insignilicaiit. Thi/I, it is nccessaiy to consid('r some- 
what closely the varieties of^orni and dislrihiition of land in large niasses, groups of 
islands, and detached islands, the distribution of water, ns well in the? atmosphern as 
on land, and in the ocean; tin? way in whirh the land is distinguished into mountains, 
lofty plateaux, and low plains; the natuinl separation of the land into di*ainage areas; 
the exfttciicc of volcanoes and earthquakes, the phenomena of springs, both cold and 
tlna-iiial ; and the peculiarities (d‘ climate in various parts of the earth. All these subjects 
an? intnvhietory to Geology, and together, they form the science of “ Physical Geo- 
graphy.” 

I’hc natural taste for fine seeiKuy possi'sscd by almost every one, whethcT with a 
cultivated intellect or in a state of nature, and the marvellous scenes prescnt(‘d to our 
coiitomplation in difh'ront parts of the world, must suggest some iiupiiry as to the cause 
of those varieties of the earth’s siu*faee, and changes iu ;vtmosplu;ric condition, wliieli 
arc so charming to the (?yo and tlic iutelleet. ’flins, for example, wt? find, in the cold 
and almost frozen regions of leeland nunuTous jets of boiling w’at(?r spouting into tlio 
air to a gi'cat height, liftiiicfup largo blocks (if stom? from l)enoath the earth’s surface, 
and projecting them to an enormous iK'ighl. In SwitzfTland, only a day’s journey from 
tlic warm, sunny regions of Italy, vast rivers of ice pour down fr(?m lofty mountains, 
and spread destruction over the ]>Iaiiis. In the great tropical plains of Mexico, some 
^ hundred s(|uarc miles of eouiiliy hav(? been thrust upwards, and a hill of sixh'cu hun- 
dred feet foruK'd in a short space' of time, from Avlueli fire and aslies arc vomited forth, 
accompanied by melted rock. In tbe cold seas, in botR the northern and southern hemi- 
spheres, near the two iiolc's of the earth, blue luomitaiiis of ice, loaded with vast frag- 
ments of rock, arc every day broken off, and floated away, and roiivcycd by winds and 
enrrents to wanner waters, -where tiny melt and deposit their load. On our o-wn coasts, 
and in lilt? south-western parts of our own island, hug(? rocks of giunitc aro worn by tlio 
.'jca and the air into the most quaint and pictun*squc shapr's. In the warm seas of the 
Pastern Archipelago, mynads of little insects arc building solid and massive walls of 
rock, defying the power of the waves, and slowly but surely rising ii]) from the bottom 
of the sea, and apparently increasing the quantity of solid matter of the earth. It is 
natural tf» inquire what i's the meaning of nil this, and what do tlicse various and 
striking natural appearances teach us ? In reply to such a quer}', it may be stated, 
with reference to our present subject, that the study of these g|;gnd plienomciia — the 
true interpretation of the language which these fa(?ts speak — Pleads directly and imme?- 
: diatcly to a knowledge of the ancient history of the earth ; or, in other words, it enables 
' us to judge of and comprehend that progress of events by which the earth’s crust has, 

' in the due course of time, become elaborated in the form which we now sec. The 
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making out tliis ancient history of Iho eartli— tlie dcteriiiuiation of wliat lias been by 

the investigation of what is doing— the comparison of past results with present effects 

these arc the proper objects of the science of Geology ; and rising out of the investiga- 
tions into the structure of the earth's cnist, there appear a midlitude of strange and 
' startling conclusions— a crowd of facts concjcming tlie ancient inhabitants, as well as 
the ancient sui-face of our glob**, which at fii-st may confuse and puzzle us by their 
I novelty and complication, hut whicli all fall naturally into their places, when they are 
! ttudied fairly and lujiu'sUy, with a due reference to existing nature. 

Geology is often looked upon too much as a detached science— standing apart from 
the rest— almost repuhivc ftoiii its numerous unfamiliar exprersions— overloaded with 

* teclinicalitics, and although interesting, almost too difficult to apiuoach. But, like 
evt ry science coimcclod with iiaturii liistoiy, Geoh)gy may ho a source of great pJea- 
sure and tnie enjoyment at a very small expense of lime or t^;ouble ; though, in order that 
it nuiy be so, the links by which it is connected wdth other sciences must he perceived 
aii.l understood. The onjoyiiiciit derived from travelling — from visiting beautiful 

I seener}', whether at homo or in distant eountides— is at tlu; j^resmit day familial* to^almost 
I every one; and even those countries we have not soon, have been so froqucnVly and 
I accurately described, tliat w(^ may be said to know tliem almost equally well. T’his 
: enjoyment is^derivfjd partly IVoiii direct observations, and partly from roflcctiou and 
j comparison, and when made a special object of study, involves -a distinct science— that 
of Physical Geography— which, however, includes a large group of lacts, equally important 
, in tlioinselves, and in tbeir bearing on Geologj'. Just in the way by which a knowledge 
; of flowers, of insects, of birds, or of beasts, gives a fresh subject of interest to the traveller, 
and fihaipcns his sense of what is beautiful in nature, so is it also with a knowled*»i' 
of the various peculiarities of the earth's surface. Such knowledge may ho regarded Is 
. the most extended form of natural history, and being based on what we obseivc, with 
I regard to the present course of nature, it traces out and deswibes tlio cliangcs and inodi- 
I fications that tlio sul•fu('(^ of our planet is now undergoing, and lienee enables us to 
■ determine other changes which it has iiiidergoue, from the earlier periods of its cxist- 
once up 1o the present time. 

In such a di'.scription is included, not only tlio histury of mechanical changes, hut 
of those also wbicli have affected the animals and vegetables living on the earth, or in 
i the waters of the sea. A ast and dlmost boundless as the subject is, when thus contem- 
plated, there are yet salient points, landmarks, as it were, which eharaetcrizo certain 
parts of the subject ; aud on those tlio attention, once directed, wdll readily become 
tix('d. Tlicse, then, it is desirable to bring prominently forward in preparing a sketch 

• of Geology, and they must be aiTaugcd in such order as to illustrate, as clearly as possible, 

; the conclusions to be drawn from their consideration. ’ 

1 hysieal Gcogiaphj may he described as involving a general description of the 
earth’s surface ; not in regard to man in his political and social relations (which forms 
the subject-matter i)f Descriptive Geography), but with reference to all mutual relations 
of matter and vitality on the globe. It thus compri.^os a very largo and important 
part of a universal knowledge of nature. It treats o{ the generid conditions of matter i 
in the universe, and tjio forces by which it is affected,— of the atmospheric veil whicli 
surrounds the globe, and the vaiious appearances belonging to it, and their results,— of 
the vast ocean that covers so largo a portion of tho solid surface with an uniform fluid,— 
of tho way in which the land is distributed, the disturbances and alterations to which 
it is subject, tho mode in which it has been formed, and all tlic natural families of vege- 
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tables and animals that either exist upon it now, or have lived there in former times. 
No minute description of districts (‘.an answer this puq)osc — for what is required is, 
that we should recognise unity in a vast variety of phenomena, and bj^tho cxcrci^ of 
thought, and the combination of observations, discern that which ig constant through 
innumerable apparent changes. 

'rbo object of tlie present paper will be to place in order several groups of facts 
which seem adapted to illiistvato the general nicthod of nature in the constitution of our 
globe ; and there is no qiu'stioii that siuii knowledge is interesting as well as useful, 
and ought to form part yf the general information possessed by cveiy person. 

For this knowledge and studuis of tliis kind do not mendy involve the coinmimica- 
tion of facts, but also the* habit of making the boat use of those facts ; and they even 
possess some of tlie uses of more abstruse studies in teaching us to think clearly — ^to 
separate! that w^hich is uniinportant — ^to place statements aad facts in the order of their 
relative iiiipoilaiicc, and thus to obtain a habit of arriving rapidly at just coueliisions 
from pood grounds. The mitural stdeiiees possess this advantage in no trifling degree, 
when Studied properly and with refcixmee to general views. 

But together w'ith this advantage, they possess also another, namely— that they 
ax)peal to tlio feelings and the imagination as wc*ll as to the intellect. Science seeks to 
; determine facts, to dc^i.•lop prin(;iples, to discover laws. Vliilosoidiy strA'cs to obtain 
: vast goii(*ralitios from these discovered fragments — to asf'ciid from matter and its proiwT- 
, ties to the influences 'svliich alfeet tluan, and the suiH rior and unseen powers at work 
around us. “ The imagination senses llu! facds and the theories, unites them l)y pleasing 
tliought, appeals for truth to the most unthinking soul, and leads the n‘fi(‘etivo intellect 
to higher and higher exercises ; it coniu'cts common xdicnomena W’ith exalted ideas, and 
invests the human mind with the strengtli of truth.” 

I And if such is the cage generally with science, it is so most strikingly with those 
I sciences which arc the basis of all,— the sciences of observation included in J^hysical 
Ocogi-aphy. 

BKaterials of which the Eazth is Fonned,— As a first stop in the iiiycsf iga- 
gation proposed as to the condition and aiipcarunce of the earth, let us call to mind a 
few of the principal facts concerning our planet. It has been already observed, that wo 
live on the surface of a globe a little flattened at tlft poles and bulging at the equator, 
j Three-fifths of this surface is covered with water, which reposes in the hollow's or 
! depressed portions sunk a certain distance below the general or mean level, w'hatevcr 
I that may be. 

No one looking at a globe or map (sec page C) wdll suppose for a moment that tlie 
distribution of land and w'atev, and the relative levels of different parts of the surface, 
arc points essential to tlie condition of the earth, either physically or w'ith reference to 
its inhabitants. The land is oddly grouped in triangular areas. A great proportion of 
the whole land is in the northern hemisphere, and the bases of all the triangular areas 
ore also directed uortliw'ards. In certain districts wo find continents or largo tracts of 
land, — ^in others islands or small tracts. The islands, toe, arc generally grouped, but 
sometimes isolated. These must all he considered os, in somc^sense, accidental pheno- 
mena, not necessarily existing as they now exist, and yet having a very important 
hearing on the temperature and many other conditions of the land: Besides the land 
and water, our globe is also completely encased by matter in a gaseous state. Now, a 
very slight acquaintance with Chemistry teaches that these three conditions of land, 
water, and air arc only particular forms m which matter exists, owing partly to 
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temperature, and partly to tlie nature of the comhination of a few elementary 
Bubstances. 

piiese elementary substances arc hardly in any ease met with in a simple state. Three 
of the so-calTe(f four (*lcmciits — earth, air, and water— being compounds, and the fourth 
not in any sense an element, being merely a condition assumed during the process of 
decomposition and rceoiubination of different elements. The actual nature rfnd con- 
dition of the true elements is a subject for the chemist to discuss, and many of their 
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properties wo neither know nor perhaps ever can know, since wo cannot meet with them 
in a state unaffected by those universal laws through 'whose agency the ultimate atoms 
arrange themselves into some definite form, or arc left without definite shape, and 
spread abroad os gases or fluids ; but, combined with one another in certain proportions, 
and imdor certain conditions, they are presented for oiur investigation. They mutually 
act upon one another, and, constituted as they arc, they become the cause of perpetual 
moTcment and perpetua} change. But this is owing to an agent of which we know far 
less than even of thoso darkly-comprehended ultimate atoms. Light, heat, and the 
various forms of electricity arc, so far as wo can discover, but different phenomena of 
one weightless, formless, non-material agent — ever present, ever active — distributed 
through infinite space ; whose presence may, at any time, and in everyplace, he rendered 
instantly evident; and which is possibly brought into action by even the smallest con- 
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ceivablc change in the mechanical position of eacli separate atom of created matter, 
'fhis agent, atfccting inorganic matter, which so surrounds us, without which avc cannot 
conceive tlio existence of motion or the utility of matter, may almost be looked up6n as 
representing /t/l' in inorganic nature, and os the mysterious cliannel by \fhk;h the Aitthor 
of nature has seen fit to exert his power in building together the wlfole material 
universe. 

Tlio particles of matter acted on by antagonist forces, separating tliem from one 
another, and atlracting lliem towards one another, arc thus collected into groups in the 
three conditions already alluded to. 

The solid particles* are, liowcviM*, not so solid but tliat those wliieli are iluid 
may dotacdi them ; the fiuids are not so compact but that some portion is constantly 
being absorbed into tlio aerial ; and, on the other hand, the aerial and the fluid are not .<«o 
loosely compacted together# but that they also form xiart of every solid, and of one « 
another. 

Two gases (oxygen and nitrogen), with the admi.xtiirc of aqueous vapour, and a v(Ty 
small proportion of a solid element (carbon), form the atmosphere ; tw'o other gases 
(oxygen and hydrogen), one of them the lightest known, are minglejl togedher, and 
unite in the liquid form of water ; one of theso (oxygen) is so abundantly present in 
that solid rocky matter which forms tho greater part of the earth's crust, that half llu) 
weight of tho whole iftass is probably made up of it. 'J'hcj ahsouco of lU'al, however, 
will rodiico water into a solid, and the presence of heat will turn the h(javiest and the 
most solid elements into air. We also find tho action of (dccjtric force's frequently 
causing a rc-arrangomont of tho particles in a solid mass — decomposing, reeonqwsiiig, 
and in every way altering oven those things wliich wo may be inclined to think tluj 
least changeable an<l the most permanent. 

The first lesson, then, that wo have to learn in contemplating natiinj as slus is, 
involves the ov('rtuming*of all those ideas of stability and permanence which ariJ 
so familiar to all. It was not in vain tliat Galileo said : — “ E pur si inuove.*’ Not 
only does the cai-th move as a mass, but everything about her suffers changi'. Tii 
tho air there is a constant absorption and distribution of fresh pailicles of nmtti'r, not; 
only as the sun rises or sets, hut as it varies its course during every moment of tho day 
and night. All nature is, in this sense, animated ; for tho sea is never so still, the nir 
is never so calm, hut that these silent, invisible, hut oftem very appreciable changes, g(» 
on. The whirlwind and the tempest are not tho only, nor aro they tho most important, 
of these movements ; since every breath of air, every ripple of tho water, would disturb 
and disarrange the perfect equilibrium of these two so-eullcd elements, did it t'V(T o.xist, 
or had it ever existed. 

It will readily ho understood that the air and the wat(*r, acting, as they do, upon 
one another, and acted upon by changes of temperature, undergo constant cliaiigo in 
their internal condition. Tho mist, tho cloud, and tho rain arc indications of this, 
manifest to aU, and every one is only too well aware that the air is eloan'r, or less 
clear, to-day than it wils yesterday, and that overj" hour is marked by some frcsli 
modification. And though not so immcdbitely manifest, it is not at all less eci'tain that 
every such change in the condition of tho atmosphere, with respect to Jicat and mois- 
ture, produces also some result on tho more solid framework of tho earth. 

The Atmosphere. — ^As one of tho forms of matter on which much of the 
peculiar condition of the sui'face of our globe depends, it is them necessary to consider 
with some core the nature of tliat gaseous envelope which, in combination with water, 
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completely encloses us, and to wliicli wc shall be obliged to refer constantly in treating 
of the visible and solid crust. 

Natural as it may seem to us at first that the earth should bo provided with an 
atmosphere, tj^ero is no reason whatever for sux)posing that other planetary bodies arc 
also so provulod. Our satellite, the moon, is without any such covering, and it seems 
almost certain that there is upon its surface no aqueous vapour. With regard to some 
planets of our system, and those distant bodies whose vciy light is years and centuries in 
roa<;hing us, wc know nothin" with respect to this condition ; but wc must look on all 
Jitmosplicric phenomena as practically limited to our o\vti planet. 

WJioii we (‘(jnsider, indeed, the uso of the atmosphere, and its invariable relation 
with 113 to all forms of life, wc shall find that, on tliis account, as for many other 
important reasons, the earth requires/ to be studied by itself ; and that, in the conclusions 
wc may draw w'itli regard to its liistory, iir the comparison!^ wc may suggest with other 
bodies of our system, wc must always keep within narrow limits, and not venture 
beyond rtuison in speculating concerning their sentient and organic beings. Inorganic 
nature a])pears to be everywhere governed by the same laws, and is so far invariable ; 
but the relations of inorganic matter to living beings, may differ altogether in^svery 
case. 

It is necessary to put prominently forwai’d the fact of this isolation of our ])lanet 
with regard tb the history of its modifications and the ir bearing on the phenomena of 
lifi!. A difierence, as groat as is conceivable, may exist in this respect consistently with 
the perfect uniformity of nature's laws. Wc are too apt to dwell upon analogies and 
resemblances, as well as differences, in minute and non -essential matters, forgetting that 
tlio true resemblance and diffcrcniic must bo sought for in the law, not the operation of 
tho law. In nature, indeed, w'e find little mere repetition, and yet wc sec every where, 
around us such perfect harmony, tliat, with our limited faculties, wc arc inclined always 
to expect identity. ♦ 

Let us now conic at once to the consideration of our atmosphere and atmospheric 
phenomena. Lot us endeavour to Icani what it is — what it does — what it prevents. 
Let us consider how it acts, and how far it is connected with the conditions of organic 
existence. 

Air is a mixture composed of about one part of oxygen gas with four parts of 
nitrogen; but the atmosplicrc alfo includes, under ordinary circumstances, a small 
quantity of carbonic acid (about ono part in a thousand), and a considerable jiroportion 
of aqueous vapour. 

Tho following may be taki’ii as representing the composition of a thousand parts of 
dry air at ordinaO' temperatures : — 


Oxygen .... 

2100 

Nitrogen 

7750 

Aqueous vapour . 

14*2 

Cai’bonic acid 

0*8 


1000 - 

I 

Wliethcr we climb lofty mountains, or take the air at tho sea-level, this composition 
is found to be everywhere the same. But, in spite of this fact, it is very capable of 
change : it parts readily with its oxygon, and is, therefore, easily decomposed ; iron, for 
instance, facilitates its decomposition by its affinity for the oxygen of the air, which it 
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subtracts, and, mixing with it at its surface, produces what we call rust, or oxide of | 
iron. This property of parting with oxygen, is a most important feature in refiTcncc i 
to yegctablo and animal life : all organic bodies require oxygen to live, but they obtain I 
it with a certain amount of mixture, and cannot breathe the pure gas*; they du not, ; 
indeed, require the nitrogen, but it forms a medium for the conveyanc(» of the olhor 
gas, and, by a delicate arrangement, the proportion is such as is best adapted to their I 
wants. It is not known how far either animals or vegetables are capable of adjusting ! 
themselves to differently proportioned atmospheres ; but, on the other hand, tlierc is ^ 
no evidence tliat such different proportions ever had existence. | 

Perfectly dry, air tvould, however, bo eminently unfitted for the purposes of life. ' 
“We find, accordingly, tliat air lias not only the power of absorbing a certain amount | 
of moisture, but that it absorbs it greedily, beedtning charged with water, not merely i 
in the state appreciable by^our senses, and forming mist, steam, or cloud, but mingling* \ 
with it, under ordinary circumstances, and in a manner altogcthc'r invisible. In fact, i 
air receives water by a process and in a manner resembling that by which fiuids dissolve I 
certain solid bodies. j 

Ac capacity of air for water depends very considerably on its temperature, and it • 
is mainly owing to the variable conditions indnecd by changing temperature that most 
of the phenomena connected with the atmosxihcrc arc really produced. • 

In considering the delations of the air, its mode of action must be carefully regarded, • 
Unlike a solidbody, which iscontained within alimitedsurfaco—whichhas a definite shape, j 
and an ascertainable volume and weight ; unlike water, also, and other fluids, wJiich i 
can. be retained in vessels while wo manipulate concerning them and ascertain their 
properties — air is invisible and intangible, and so elastic as to accommodate itself at once 
to any space within which it may ho confined, and filling all space wliich is not otherwise 
occupied. Still we must always bear in mind, that the aerial condition is strictly a form 
of matter. Air is heavy ;«it presses and weighs down cxacitly in proportion to the ([uan- 
tity of matter it consists of, and is thus modified in res];>ect of weight, both by the quantity 
of watci' it includes, and the temperature it is affected by. The atmosphci'c is limited in 
! extent, notwithstanding its expansibility ; it probably reaches to a height of sixty or 
I eighty miles beyond the mean level of the sea, but there terminates absolutely, although 
I it graidually becomes of less density in its higher districts. We can only judge of ihc 
condition of tho limits of the atmosphere by opticaf and electrical phenomena. 

In mentioning the composition of the atmosx)here, it lias been referred to as tho 
important agent for supplying oxygen to the i»lants and animals living upon the earth , 
and this is, no doubt, one of its most important uses in connection with organic exist- 
ence. Without it, life, in the sense understood by us, could not possibly have place 
I upon the earth. But it is not only by supplying in its proper proportion a material 
I essential for carrying on life, that the air is directly related to the living beings un our 
I globe. 

It is tilso adapted to the exercise of our scuscs ; and first in this respect is its relation 
to light. The sun gives us the great proportion of light which we enjoy, and the reflected 
light of the moon is also very important ; hut how very little of citlicr do wo receive in 
dkcct rays. The light of tho sun would be of small advfuitagc to us but for tho 
existence of on atmosphere ; without it w^o must, in all those places where the rays were ^ 
intercepted or were not directed, remain in utter darkness, and when tho sun had set no I 
' twilight would moderate the transition to night. AU intermediate conditions between * 

I positive brilliancy and total darkness woidd be wanting, were it not that tho atmosphere I 
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WO enjoy has the property of reflecting rays of light in any direction, just as a looking- . 
glass. Eacli particle thus lends to its neighbour, and we have a gi*aduation and j 
equalization of light. So again with reference to sound : this, in the absence of an ; 
ntmosphero, Voifld not travel, for what is it hut the eftbtit on our oar of certain vibra- j 
tious of the a*r, witiiout which it could not roach from one point to another ? Without 
the adaptation of the air to the transmission of sneh undulations, tlie earth would bo a 
] Boundless space, destitute not only of all the enjoyments which wo derive from its j 
varioiia modulations, hut also unfit for the use of our present methods of communi- ' 
eating with each other, 'flie sense of smell is another faculty, the use of which depends . 
oil the existence of air. It is true that odours arc given off frofli bodies, l)ut these arc ; 
conveyed to our organs of smell by tljp air. We have thus throe senses —sight, hearing, 
and smell — depending entirely for their exercise on the existence of the gaseous envelope 
* of the carih. • ^ 

^riicre are three ways in whicli wo must consider the atmosiihcnj to gain a view of | 
the important pm-poscs and ends it fulfils in the system of nature : first, as in motion ; ! 
second, in its iiillucnf3e on moisture ; and third, on eliinatc. But the chief eonsid(]^'ation 
of tlie two latter must he ri'served till we have cx])lained the chief phenomena of , 
watiT and land. j 

Thi; ordinacy movements of the air depend chiefly on changes of temperature, and . 
arc consequent on the gri'at and ready mobility of the parlielcs of air, when separated , 
by heat, or br«)nglit together bj' cold. Wind i.s only air in a state *of motion; but how 1 
is this motion <»riginated ? We shall si'C this by taking the case of the sea-coast within : 
tlie tropics. The sun shines with gi'i'at heat equally on the land and the water, but it ; 
afiects them differently. Shining on the earth, it causes it to receive a birgc accession | 
of t< mperaturc, hul, as the earth is a had condnetor of heat, its surface remains com- 
piu-atively hot ; shining on the water, a smaller quantity is absorbed ; but, on the other 
band, all thus obtained is rapidly communicated, by reason of the conducting power of 
aqueous particles, throughout the whole mass ; and thus any great accumulation of | 
heat in one part of the sea is precluded. i 

By virtue of those properties of fluid and solid matter, the air is, at different parts of | 
the twenty-four hours, subjected to a periodic change, in weight as well as temperature, | 
like a continuous chh and flow. Wifliin the tropics, the barometer is twice at its highest 
elevation — viz., about nine a.m. and ten I'.M., and twice at its greatest depression. This 
alternation is carried on with the utmost regularity, and without rcforonco to other 
changes, so that it might sometimes even afford the means of ascertaining, with tolerable 
accuracy, the hour of the day. Within the tiDpics climate is modified by the gales, 
which in the day set in from the sea, and in the night from the shore. These constitute 
the land and sea breezes ; they arc the result of the altcmate rarefaction and condensa- 
tion of air by the heat of the sun in the day, and the cold arising from radiation at 
night. These, however, arc causes acting only witliin limited districts, and we must 
look for other causes to account for those larger and more general displacements which 
arc common to a far more extensive range than that we have just noticed. We must 
have regard to the configuration of the earth, and the manner in which it receives heat. 

As a globe revolving cSi its own axis, and rccemng heat from tho sun, to which it& 
surface is not equally and alike exposed, we know that it will be heated in proportion not 
only to the Icn^h of time, but also to tho angle at which the rays of tho sun strike it. 
On this account the tropics, on which these rays fall most vertically, are the hottest 
parts. In consequence of the expansion of tho air when heated, which takes place in 
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accordanco urith the known laws of the action of heat upon any gas, the density of tho 
air is then lessened, and it aseends to a higher region. To (iompensate for this loss, and 
to restore tho equilibrium, a body of cold aii* rushes from the north and south poles 
towards the equator. But besides these two cuiTcnts, whose region is tlie lower pwt of 
the atmosphere, there must be two others which convey the air which has-been rarefied 
over tho equator back again to tlic poles. This air, however, travels along at a great 
altitude by virtue of its small density until it reaches its destination at the poles, and 
becomes condensed. But these tendencies of tho air to eirciilato to and from the poles 
and the equator arc greatly modified by the motion of tho earth from west to east. 
Bcvolving in this direction, tho earth drags nuth it its gaseous covering, whicli, how- 
ever, being of much less density than tho earth, is, less aifocted by tho momentum with 
which that body revolves, and is therefore partly left behind. In consequence of tho 
earth being a sphere, its motion on its axis near the poles is nothing compai-cd witli 
that at the equator. Thus, on the whole, a westerly direction is given to the polar 
currents. 

impart of the air being left behind by the earth in its motion, sweeps the surface in 
a direction opposite to that of the earth. This fimns the trade-winds, wliich arc met 
with 28 ^ north and souili of the equator. Tho joint result of tliis direction of tho 
motion of the air, ono current being from tlio cast, and one from ca^li pole to the 
equator, is tho formation of tM'o winds, one, formed by tho currents from the nurtli pole 
and from tho east, blowing to the soutli-west, and tho other, formed by tlio sonthem and 
eastern cuiTcnts, setting towards tho north-west. These, Iiowcvcr, are periodical winds, 
depending on the relations of the earth to tho sun at diflbrent periods of tho year, and 
having reference also to tho form of land. Of this charaoter are the monsoons, which 
blow within the tropics from tho south-west from April to Octohia*, and from tho 
Bouthncast from Oetjober to April. 

] t is not known with dertainty where particular wiuds originate. Most of tho pheno- 
mena which we have been able to observe, however, show its commencement on tho 
land, and indicate dependence on its configuration and physical conditions, such as the 
accumulation of a great mass of land in the northern hemisphere. 

After the motion of tho air, its condition, os charged with moisture, may ho noticed. > 
The facility with which hot air takes up water is well known. In its evaporated state 
water is easily conveyed over the land, and the quantitj' is sometimes verj' great. | 
Sometimes, by tho passage of a body of dry air, lofty mountains, as the Andos, have ' 
been denuded of their covering of snow. The changes in tho state of tho atmosplicre ! 
are due partly to changes of temperature, and partly to cliang(?s of electrical condition. 
The causes arc difficult to make out, hut they arc unquestionably connected with these 
agents. It is easy to understand how air, passing over water, is capable of changing 
its state to that of vapour, and how afterwards it is condensed ; hut it is necessary to 
consider tho subject with reference to diffi}n‘nt parts of tlic earth, because them arc sono 
facts affecting the falling of rain, which arc not oliko in all countries, and which pre- 
sent difficulties. When the air is charged with aqueous vapour, so that it comiot hold 
any more, any reduction of its temperature will manifestly bring on a precipitation of 
moisture. 

The air during the day is heated by the sun, and in that slate, passing over the 
water, absorbs a portion. After sunset the cartli cools the air at its surface, which ia 
therefore less capable of retaining moisture ; it becomes denser, and deposits its moisture 
in the shape of small drops ; and we have thus the ordinary phenomena of dow in our i 
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o^Ti country, am! in tho temperate zone. When, however, instead of tliis change taldng 
place after sunset, it occurs during the day from a variation of the wind, or some other 
cause which we shall have liercaftcT to explain, then, instead of this dew, we have small 
vesidbs, or rathet globules, of water suspended in the air, which, if near the earth, form 
mist, and, if dbove fhc earth, become clouds. If this happen over the surface of a large 
body of water, as the sea, it may be blown by tho wind to a considerable distance till 
it reaches the land, where it is diilcrcntly affected, according as the land is of a high 
or low temperature. If, in its iwogress, it encounters two currents of difiEcrent electric 
condition, we shall liavc, perhaps, a hail or thunder storm. Snow is produced when 
the temperature of the air is at, or a little below, the freezing ^oint of water, and is 
composed of drops very perfectly eiystallizcd. AVhen the temperature is much lower, 
the water forms into hard gi'ains. 

• The quantity of rain falling in different places, at differvit parts of the year, varies 
remarkably, and affords matter for the most interesting speculation. Some districts are 
totally d('stitutc of rain, though no doubt air, loaded with aqueous vapoui*, passes over 
them as well as over other places. In South America an earthquake is a murh commoner 
phenomenon than a shower of rain. On tlic whole, a much greater quantity or rain 
falls near the sea than inland, while vast tracts of land in the interior of continents 
often receive q very small supply. A much gi*eater quantity of rain is observed to fall 
in Portugal than in France, and much more in the southern pafts of England than in 
the northern. On the cast coast of Spam there are places where rain does not fall for 
many years together. 

Such, then, arc some of the appearances and results consequent upon the thin, tran- 
sparent, and often-forgotten veil of air which sun-ounds our globe. "Without it our 
existence could not continue ; the whole smfface of the earth would at once relapse into 
tho darkness and stillness of tho grave. Without it wo could not see ; wo could not 
hear ; we could not breathe. Without it tho sun might shific ; but his beams, com- 
municating light and heat, would bo useless to us, and to all nature around us. There 
would be no distribution of heat or moisture ; no beautiful sky to contemplate ; no reftesh- 
ing rain ; no purifying wind. The absence of tliis one— perhaps it may seem the least 
important of the powers around us — ^would involve immediate destruction to evciy 
living thing. On the other hand, its presence insures those changes, and produces those 
modifications of the great powers of nature that minister so much to our necessities, our 
comforts, and our enjoyments. It is surely worth while to know something of a portion 
of the globe which exhibits so much that is interesting, as well as prevents so much that 
woidd he destructive. 

It is also well to notice here, that as by the atmosphere wo arc enabled to appreciate 
and use light, so by light, by the propagation of luminous waves through that infi- 
nitely subtle ether which pervades all space, do we enter into relation with all forms 
of matter, whether existing in spheres which itll onwards in their course, or fonning 
that portion— if portion there he— which exists still in a dispersed form. Light, pro- 
pagated by undulations, and sound— the propagation of force through matter, — ^these 
are strictly analogous phenomena, and these connect celestial with teirestrial mechanics. 
All matter in the universe is governed by the same law of gravitation, and all matter is 
connected by the atmospheric or cthcrial envelope, which, in one way or other, is 
existent everywhere. 

Water.— There are few objects in nature more striking or more afEbeting to the 
imagination than tho contemplation of a great body of water accumulated within a 
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single area. This appears to he the case whether, standing on a lofty proniinoncc, at the 
extremity of some tract of land, we watch the long swell of a great ocean rolling 
steadily hut unceasingly, and dashing at regular intervals against the shore heneath ua, 
or whether, home across the wild waste of waters, w-e see reflected cm the aurfa^e the 
perfect vault of heaven, or listen to the fury of the storm ; whether* we achnire tlio tints 
of evening, or watch at early dawn the emersion of tlio sun from the hosoin of the 
ocean ; whetlicr wo trace the constant flow* of a mighty river, Jis it moves ever onwards 
in its course, or whether, planting ourselves at some favourable spot, wo listen to the 
noise, and watch tiU wo are giddy the boiling toiTont of the waterfall. In wdiatevor 
way we allow our imitgination to dwell on this theme, it still presents tlio same i(l('a of 
vastness, indeflnitc power, and untii-ing motion. The S('a and its tributaries, under all 
circumstances and in all respects, thus desciTcs special notice in treating of l^iysic'al 
Geography ; and in cndcavpuring to picture some of the many instructive iihenomenii • 
presented hy the various modes of action of the n.picoiis veil that iiai-tly covers our 
globe, I shall ho appealing to feelings readily excited, and only ro(iiiiring to he recalled 
tliat they may he considered in their mutual hearing. 

"Vfhen wc class the phenomena, wc shall soon pcrcoivo their meaning and importance. 
Thus, tlio great facts of the dislrilnition of water on the globe re(|uiro to be considered 
hy themselves as of great and -immediate bearing on the history of the globe. '\\'’o 
must, however, also Bring under (‘onsideration the motion of wjiter — ^its waves, its 
tides, and its currents — its mode of circulation, and tlio means of obtaining that constant 
supply necessary for fertilizing the earth, and rendering it tit for animal and vegetable 
inhabitants. And then, lastly, there is the clfccjt of moving water upon land : so that 
many very stiiking and interesting phenomonn arc introduced, much obscn"ition is 
needed, and many conclusions arc anived at by the consideration of tho part of the sub- 
ject now before us. I shall only bo able hero to point out the principal direction which 
observation has talsen, aAd inforni tho reader of a few of the great i-esults. It is 
a subject full of novelty, full of difficulty, and full of interest ; and connected as it is 
directly with the subject of Meteorology, it is already assuming, under the name of 
Ilydrography, or Hydrology, the character of a definito science. 

The first part of tho subject involves, os I have said, tlio distribution of water on 
tho globe. The details of this, — an account of the names and dimensions of those 
portions of tho groat ocean, or of those largo bodies of frosh water forming lakes, 
which, from the position and form of land, have been designated by different names, — i 
all this belongs rather to Descriptive than Physical Geograxihy. | 

The distinctions wo have here to draw are of another kind. We wish, for example, 
to draw attention to tho fact that different seas have very different physical conditions ; 
that there are some large tracts occupied by salt, and others, smaller but also important, 
by fresh water ; that there is, in some parts, open ocean, and in others a sea dotted 
over with numerous islands ; that thcrc«are large tracts of deep sea, and others of shoal 
water ; and that, whilo tho great body of the ocean is fluid, there aro small portions 
near the poles constantly occupied with water in a solid form. 

The water on the surface of the earth exists either as open ocean, con- 
nected throughout, and having everywhere tho same, or very yearly tho same, mean 
level, and the water collected from the clouds, and rushing down with various 
degrees of rapidity, to lose itself once more in the ocean from which it was at first 
derived. The ocean, however, is 09 ie essentially, and is only connected with the other 
waters by a constant circulation arising from ever-varying conditions of tempera- 
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ture, within certain limits*, which arc characteristic of the present position of our earth 
in space. 

The ^nor.!! proportions of water and land arc clearly as 10 to 3, but the distribu- 
tion ts altoj 2 ;cthet irregular, the land being almost confined to the northern hemisphere, 
which we niify, thdhjfore, call the area of the land, w^hilo, in like manner, the southern 
may be looked on as a vast area of water. Dusidcs the usual constituents of water, 
tliat of the ocean is greatly impregnated with extraneous matter, the principal of which 
is common salt, in the proportion of thivo per cent., or onc-thirty-oighth of its weight. 
The density varies somewhat, iniircasing towards the tropics, hut depending locally on 
the amount of frc.sh water thrown into the sea hy rivoM. Ddlihtloss this saltness is 
important, hy reason of its atlaj^tation to some forms of animal lift*, but thcTC is no 
gi-oimd for the supposition which has been put for^vard, that in its absence tlic water 
• would become impure or putrid. 

The distinctions of the seas, some hoing open or inland, others forming bays or gulfs, 
according to the shape of the coasts hy which they arc hounded, need only he mentioned. 
The principal accumulations of water arc called the Pacific and Atlantic Oceans, the 
former extending from the w'cstom coast of America to the oastem side of Asia (»li Iho 
* north, and reaching the antarctic circle in the south. 'J’ho Indian Ocean, though a 
I portion of the Pacific, is sometimes designated hy its own name. The Atlantic, diffor- 
j ing from the other in some striking ri'spects, extends from tlJb west of Europe and 
[ Africa to the eat.t of America, and prcs(*iils some of the peculiarities of a river valley, 
its two opposite sides hearing marked relations to each other, both of figure and posi- 
tion. 'rhiis, looking at the map (see Kig. 2), wo see the projections of ono coast 
: answer to corresponding indentations on tho other. In its naiTowcst part., bi^twccn 
’ Eiu'opo and Greenland, the Atlantic canal is about ono thousand miles wide, whence 
! it opens to the south-west, according to tho shape of tho two continents, and attains, 

I in the northern tropics, the breadth of more than four thousand miles ; below this 
! point it inflects to the north-west and south-east, in which w'e again discern tho cor- 
•' rospondcncc of the two coasts. This form of the coast lines, combined with the prevalent 
' currents, contribiile to produce some strilcing results, whiesh will appear presently. 

I Notwithstanding the great efforts w'hieh have been made, and the hardships endured 
j in exploring the polar sens, little is as yet known respecting them. Since the voj’^agc 
of Behring, there has been no doiiTit that Europe and America arc disconnected by 
w''atcr on the Atlanta! side : and the important probhjni that has recently been solved, 
in proving tho possibility of a north-w’(’stcm passage, determines the question long dis- 
cussed ns to w'hcther or not tho land of the two continents w'cro connected towai'ds the 
nortli pole. In addition to the two gi-oat oceans, we meet with salt seas occupying a 
position in tlio land similar to that of a peninsula in the w’'atcr, being almost surrounded 
by it, 'whence they are called inland seas ; such arc the Caribbean and Caspian Seas. 

The general depth of the ocean is at iwcscnt only a matter of speculation, as in many 
parts no line as yet has reached the bottom. There docs not, however, seem any reason 
to suppose that its mean depth bears any corresponding relation to the elevation of moun- 
tains. It is generally in the open sea, at a distance from land, that tho depth is greatest; 
but this is not universally*’ tho ease, for in the Pacific tho bed of the sea has an abrupt- 
ness w'hich has nothing corresponding to it among mountains. Tho range of tem- 
perature of the water is not so great as that of the surfaco of the land, which will be 
easily understood by a reference to its tendency to equality. With respect to its tem- 
perature at different depths, there is not that alteration which a consideration of tho 
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1 tendency of licatcd particles to rise to the surface might liJive led us to expect. In 
I some instances, however, a special agency is at work, whoso operations w'c are able to 
! foUow. Tho most prominent of tlieso consist of various cuiTcnts beneath the snrhico, 

; which convey the water of a colder region to a warmer. At a distance iiom land the 
; mean temperature of tho water at tho surface is highei* than the air f)f tlic«locality, hut 
! Uiis is subject to tho variations of tho air in the night and tho djiy. AVatcr is colder 
' in shallow places, as on a bank, than where it exists at a greater depth. 

The consideration of the tides is a subject of great interest, both as alTording material 
fir scientific rescai*ch, and as beai’ing on the important ai*t of navigation. Their con- 
nexion with the change.i of the moon was noticc'd ag(‘s before lier iiiilucncc received any ' 
I scientific explanation. That general influence which tho moon exerts on our i)lanet is ■ 
I modified, in the ease of the water, by the capacity of its particles of motion amongst | 
I tlicmsclvcs. Our. satellite igoves out of its place a (piaiitity of water in tho shape of a J 
wave on that side towards her, and this wave follows her apparent eoui*80. Tims tluj ; 
water of an open ocean would attain its greatest h(nght, each day, at any given place, | 
i when tliat spot came beneath tho moon’s influence. At the same inlant, however, tho I 
. exactljr opposite point of tho earth would appear to he in tho same condition, o\sdng to 
the removal of the earth by the moon’s attraction. There are thus two tides in each 
twenty-four hours. Tho sun, though so much more distant, also produces some eftbet, 
aud thus when the moon is full, attraction being (*xerted by the sun at the same time, the 
tides arc at the highest. 

But, although these are the general effects, considerable modification takes jdacc, 
according to local circumstances, such as strong gah's, tho form of land, thc'sJiape and 
! size of tho channels of rivers, &c. Thus, wIutcj tho banks converge in the shape of a 
! funnel, the tidal water is, as it w^cre, gathered up and rises in height ; hut, if it expands 
from the mouth inwards, the tide dies away, and is lost ; in the former way it attains, 

! in the Bristol Channel, an elevation of from seventy to one hundred feet. The tinui of ' 

! high w’ater is iiTcgular in narrow seas, owing to obstructions of various kinds ; from si I 
; cause of this nature the tide of the German Occsin is twelve hours rs'acliing I-snidou 
' Bridge. 

Connected with these phenomena are vraves, wliich arc of several kinds — tl(' lidsil 
wave, or wave of translation, w'hich conveys its water from one jsart to another, and th(‘ ' 

I oscillating 'wave, by whose agency the water imdt^rgocs no change of locality, but 
merely of form. These arc the only two tliat are important in questions of Bhysical 
Geography. 

The magnitude of w-aves is a matter which there is some difficulty in determining. 
TIio ordinary waves of the Atlantic have, liowcvor, been observed to attain an «‘lrva- 
! lion of about twenty feet, witli a length of onc-hundi-cd-and-sixty feet, and a velocity 
i of twenty-fivo to thirty miles per hour. Dr. Scorcsby gives about tlie same as the 
i mean elevation with rather a hard gale a-hcad ; but on one occasion, with a hard gale 
i and Jieavy squalls, some few waves attain a height of forty-three f(*(‘t, willi a length of 
i nearly six hundred feet, and a velocity exceeding thirty miles an liom*. ' 

; ]!ilarinc cun'cnts are of various kinds— one produced by the steady action of uniform | 

I winds such as the trade winds and monsoons, and not reaching below tho surface of | 
the water ; another produced partly by the culmination of the -water to the equator, ; 
o^ving to tho form of the earth and tho position of the land, and partly by tho apparent ! 
tendency of tho water to rise in a direction contrary to tho motion of the earth on j 
I its axis. Owing to tl^c mobility of the particles of water, these do not so readily 
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llio antarctic cii Llc, and crossing tlie equator, strike against tho coast of AfHca, pro- 
ducing a cun-cut tlirough the straits of Madagascar (see Fig. 2). This coming down the 
south coast of Africa, meets another current, and both come round the Cape of Good 
Hope, where they dividb, ono part going tow'ards the coast of America, and tho other 
portion joining that current which is forced along the African coast, and rushing 
towards the equator. The fonner and principal part reaches the coast of South America 
in about the latitude of Guinea, and is broken into two portions— ono going to tho coast 
of llrazil, and the other to the Gulf of Mexico. This latter makes a complete cirdo in 
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the vast inland sea between the two Americas, and comes on# near tbo coast of Florida* i 
taking a northerly direction, and re-crosses the Atlantic to the shores of Europe. So 
certain is the course of this circuitous current, that bottles cast into the sea at the port 
whore this stream has its rise have been often found, after a certain time^on the Coast 
of Spain. The mean ^eed with which this body of water advances is ten miles per j 
diem, but in somo parts of its progress it flows much faster than at others ; that 
which comes from Mexico to Florida, called the Gulf Stream, travels at the average | 
rate of thirty-eight miles a day, and, therefore, there must bo in some parts a I 
very slow motion. Such a current as this has, however, very important effects. 1 
The body of water running along the coast of Africa across the equator, becomes I 
much warmer than when at the Gape of Good Hrae, and it is not chilled by passing I 
through the Gulf of Mexico. This vast body or water, three hundred miles broad, : 
of considerable depth, and^issuing very warm, tends to elevate the temperature and • 
modify the climate of the coast of Europe. Were the shape of America different from j 
its present figure, however, and the current not forced on one side, warm air would not ; 
then be conveyed, and the temperature of Europe would be considerably changed. | 
Anotlfcr important oceanic stream is an Arctic current coming down from tho poles, and ; 
bringing with it not warm air, as in tlic other instance, but a body of ice. This current, • 
impinging on tho banks of Newfoundland, produces constant fogs, which, for weeks 
together, never move frftm tho coast. 

Clouds and Rain. — ^By the constant evaporation going on from tho surface of 
tho earth, as well as from the sea, moisture is continually being drawn up into the 
clouds, and conveyed to different parts of tho earth ; after which, by various causes, 
it is condensed, and precipitated on the land. This occurs particularly in mountainous 
districts, from which most large rivers take their rise — as tho Bhino and tho Bhone. 
Some, however, instead of rising among mountains, originate in a spring ; of this 
number is the Danube. •Their course is dependent on tho physical structure of tho | 
country and its mountain chains. Where a river valley is large, the declivity is gene- ! 
rally less considerablo than where it is more contracted. 

The formation of clouds and the precipitation of rain are intimately connected with the 
origin of rivers and springs. The moisture which is extracted from the earth is capable 
of being absorbed by air, according to its temperature, and in this state of vapour is 
conveyed to considerable distances. When, by thc*action of a cold current, tho pre- 
sence of a lofty mountain-chain, or any similar cause, this body of air is chilled, it is 
no longer capable of holding its moisture in suspension, and deposits it, according to tlic j 
temperature at which its condensation takes place, in the form of rain, hail, or snow. I 
The quantity of water collected may either form a river, or, penetrating some permeable 
strata, run under ground, till, finding some external outlet, it issues as a spring. 
These springs, resting on impermeable beds, often run to a considerable length before 
they find an opening. The general temperature of springs is the mean of the climate in * 
which they exist, but where they rise from a great depth they are usually warmer. | 
Their wato is always charged with some air, and many of them contain mineral | 
substances, as carbonic acid, sulphureted hydrogen, or nitrogen gases, soda, ammonia, 
magnesia, &c. There are also thermal springs, having a tempcratjpre very much elevated 
above that of the surface. 

The quantity of water received firom the atmosphere upon the land, in various 
parts of the earth, is very large, being estimated at not less than thirteen hundred 
millifwiiy of gallons per second throughout the whole year ; at least one-half of this 
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KIVERS AND RIVER SYSTEMS. 


quantity is bdievcd to ruxf off the surface into the sea directly I7 the vazious rivers dis- 
tributed in all lands. Of the other half, a large part is rc-evaporated, and the remain- 
ing portion passing vrithin the cartli, supplies natural springs, and keeps the absorbent 
rocks fully i^ffirged with moisture. 

Biwevd ajid* ILiwex Systems.-- In another paragraph the subject of mountain- 
chains, table-lands, plains, and valleys, will come into consideration in detail. At pre- 
sent it is only necessary to refer to the commonest illustrations of these varieties of form, 
to show that the whole of tho land must necessarily be divided into certain portions, 
within which the drainage will be constantly tending towards some one or more outlets. 
Tho various ridges that include such areas are called The springs, brooks, 

and rivulets which combine to fon^a river, and are thus conveyed cither to the sea or 
some depression in the interior of a continent, form what is called a draining 

n river heain ; and within each principal basin are often coatained numerous and widely 
distant districts, and many considerable streams. 

The largest by far of such basins are on the continent of America, where wc find that 
of tho Amazon, including within a single line of water-shed upwiirds of a million and 
a half of square miles of land — an area three times as great as that supplying ^ the 
European rivers that empty themselves into the Atlantic. This gigantic stream, the ' 
largest on the globe, runs more than three tho^and miles (including windings) before ! 
reaching the sea. It is navigable almost two thousand milds from its source ; is in 
some places six hundi*ed feet deep, and is nearly a hundred miles wide at its mouth. 
More than twenty superb rivers contribute their waters to swell its volume ; and the 
current of fresh water rushing from it floats over the denser brine of the ocean, and is 
easily recognised three hundred miles from tho riiores of America. 

Nor is this noble stream without rivals, although none equals it in extent. 
The Mississippi, together with its main tributaries, the Missouri and Ohio, also drains a 
million of square miles of land. The Missouri only empties itself into and forms part 
of the Mississippi, after having run a course of three thousand miles, at a rate varying 
firom four to five and a half miles per hour. While tho Amazon, in its progress through 
tropical forests and untrodden wilds, must bo regarded as the most gigantic of streams, | 
the noble and majestic Mississippi still retains and deserves its title of the ** Father of | 
Waters,’* owing to the great number and importance of its tributaries, whose waters ; 
it carries down from the shores 0/ tho great lakes to the Gulf of Mexico. 

The great rivers and river systems are to be regarded in reference to the oceans ^luth 
which they arc connected. Thus the Amazon, the Plata, and Orinoco, in South 
America; tho St. Lawrence, with its vast lakes in tho North; the Bhinc and Elbe; 
tho Neva and Vistula ; the Garonne, the Loire, and Seine ; the Tag^ and tho Douro ; ^ 
tho Guadiona and Guadolquivcr ; and last in magnitude, but first in importance, our 
own Thornes, are connected with many other European and many African streams, 
into the Atlantic group. Tho Nile, the Fo, the Bhone, and the Ebro, form a Mediter- 
ranean group ; tho Danube, the Dnieper, the Don, and the Dniester, a Euxine group ; 
and the Mississippi, tho Bio del Norte, and tho Magdalena, conveying ^oir vast torrents 
into the Gulf of Mexico and Caribbean Sea, form yet another. 

Besides those belonging to the Atlantic group and its adjacent seas, there are other 
river basins, less considerable in number, and less extensive, but still including some of 
gigantic magnitude, received into tho Pacific and Indian Oceans, and others into the 
Arctic Sea. The former include the great Chinese rivers, draining nearly two millions of 
territory, and tho rivers of India scarcely less extensive. Tho Amour and the Ganges, the 
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Itrawaddy and the Indus, aie equally interesting for the extent and tho mode of their 
deydopment, and scarcely less so from historical associations, and the rich products 
obtained from their banks. j 

The Arctic group is much less known ; but one river alone, the Obi,*nAis a course 
of more than two thousand miles, draining nearly a million of square miles* and two ' 
others are only less considerable in the area they drain, but suipass in magnitude 
most of the streams whose names arc far more familiar. 

Xiakes and Inland Seas form, as it were, a series of connecting links between 
the small expansions of a river and the great ocean ; and the Atlantic receives and con- 
nects not only the waters of the chief rivers, but those of tho largest and most important 
of these bodies of water. ^ 

The chain of the great lakes of North America, notwithstanding their vast propor- 
tion and great depth, are but occasional hollows in table-lands, imperfectly drained 
by tho rivers that traverse them. The lakes of Europe, small, indeed, compared 
with these, partake of tho same character ; and the inland seas, of which tho Gulf of 
Mexico ^and Gorribcan Sea, on the one side, correspond with the Mediteranncan and 
Euxinc, of the other, are open to the ocean, and their waters are freely mixed by cur- 
rents, though imperfectly in the latter case, owing to the narrowness of the neck. AH 
these bodies of water have their peculiar characteristics, and produce much effect on 
tho adjacent land. They each possess a history, and each has seen many changes ere it 
attained its present form. 

Tho characteristic features of river scenery vary in diflEbrcnt countries, being greatly 
affected by the nature of the rocks traversed, llighbluffr of soft sand and earth ; vast 
open plains, with little elevation in any part; narrow rocky gorges ; sudden changes of 
large tracts from a high to a low level — these all may be mentioned as among common, 
though not essential, features. We shall have to consider, in a future page, the effect 
i of running water under thesef various conditions, and the meaning of these peculiarities, 

I when translated into geological language. 

Distiibution and Foxm of Iiand.-— The proportion of land rising above the 
mean level of the ocean, has been already stilted to include only about three-tenths of tho 
surface. This portion, however, though comparatively small, presents so much variety 
of form and condition; so many different rocks, vegctaj^lcs, and animals; such varieties 
of soil, capability, and climate ; and is so much more important to us as men than tho 
rest, that we not only ore able to study it more closely, but find it necessary to do so 
for the purposes of existence, as well as the advantage of science. 

In Political and Descriptive Geography tho land is divided into various ideal and 
conventional portions, with which, as geologists or naturalists, wc have nothing to do. ' 
Wo have here to consider our globe in a very different point of view, noticing only those I 
broad and well-marked natural features of the earth which give it its characteristic 
physiognomy, and which distinguish its surface from that of other planets, as the face 
and figure of one human being arc distinguished from that of another. 

W^t are these features ? They ore the mountain-chains, or bones of tho earth — 
the undulating hills of heaped material, which may bo called its flesh—tho covering of 
vegetable soil, which may be regarded os its skin — while over Istgc portions there is 
that even and formless accumulation of water which concpals so largo a part of the bony 
framework and softer contours, but which no more influences the true ultimate form 
of solid matter, at any given moment, than the dress affects the bony framework of tho 
man, ' 
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In commoncmg this part of our subject, ve must assume that the earth has such a 
skeleton ; that tho aqueous coyering only partly conceals this dEcloton ; and that the 
fi;{unework to some extent, traceable, even where the ocean coTcrs it. 

A knqwledge of the actual skeleton of tho earth is, then, a study fer more difficult 
than that of the mere surface exposed ahore the water. It inyolvcs not merely a careful 
consideration and comparison of the exposed surface, but a carrying out of some prin- 
ciple of form into tho unseen depths of the sea, and the tracing from some ol^cure 
history of tho past, also to be learned, tho modifications which helped to produce what 
we perceive, and which must, in certain cases, have done much more on a yet larger 
scale. 

The various circumstances un Icr which the land presents itself to our*notice, are, 
indeed, too fhimliar to require any lengthened description ; but when we sit down to an ex- 
amination of them as exhibited on a globe, we find some fadts differing from what we might 
be inclined to expect. Thus it might bo thought, judging from the earth’s form, that 
the solid portions should lie pretty equally about the equator, instead of which we find 
great masses of land in lines parallel to llic axis of tho earth and accumulated in the 
northern hemisphere : these comprise, on the one side, Europe, Asia, and Africa ; and, 
on the other, tho two continents of America. On looking at ^ese masses of land, they 
are all seen to partake of a triangular fbrm. In the eastern hemisphere, tho chief exten- 
sion is cast and west, but all the lands terminate in points directed- southwards. The 
different continents, considered with reference to the countries which they comprehend, 
show the same principle, yet further carried out. We must, however, regard this simply 
as an observed fact, and not one on which any conclusions are directly based. Wo do 
not know why tho form of India or Arabia should be tho same as that of Asia or Africa ; 
but, although we can offer no explanation of this peculiarity, it is one well worth noticing, 
as it may be found to have important bearings, and, as a fact, may become the foundation 
of reasoning. Besides the vast preponderance of land in tho*northem hemisphere, wo may 
observe that tho eastern division of our globe contains a far greater proportion of 
than tho wostem ; and this fact, also, is worthy of remark, in its bearing on various pecu- 
liarities of climate. 

The whole of .tho connected land above the water may, with advantage, bo con- 
sidered separately, although often having intimate relation to adjacent portions separated 
only by a nairow breadth of water. The form of land must also bo studied, together 
with the lakes and streams by which it is partially covered. It is found convenient to 
group the whole into three principal and many subordinate tracts, which are removed 
from each other by a greater or less extent and depth of water. Of these the former 
and larger tracts are the continents, properly so called, and the others islands; although, 
as has been said above, the latter, in many cases, are so closely adjacent, that they may 
be conveniently regarded as detached portions of tho larger masses. The three con- 
tinents are of very different magnitude, form, extension, and position. One of 
extends chiefly in a north-east direction, and includes tho whole of Europe, Asia, 
Aftica, and the islands adjacent; another includos the two Americas, almost detached, 
but still connected by a narrow but lofty isthmus, and ranges nearly north a^d south ; 
while the third is 8t present exhibited only by the roun^d mass of Australia, which 
can hardly be said to possess extension in any one direction rather thmi another, but 
which seems, like America, to possess a north and south bearing in the portions best 
knovm and most investigated. TTith Australia, however, must be grouped several islands, 
of which Van Diemen’s Land and New Zealand are tho chief; whilst America has few 



CONDITION OF EUttOPKAN LAND. 


21 


examples of detached land along a great part of its coast, althougb. the West Indies, 
and die i^nds round its northernmost portion, are important exceptions to this general 
rule. We aro naturally accustomed to regard chiefly that portion of the first-named 
group of land with which we are directly associated; the whole of which^ f^om its vast 
extent, is sometames called the great continent, and which, froni its hawing been appar- 
ently the first peopled by the human race, and presenting to us the chief records of 
manldnd, is also known as the Old World. This latter term is, however, strictly ax)pli- 
cablo only to the land as known to the ancients, a limited proportion of the district, 
including a part of each of its three principal subdivisions. 

Continents. — ^Tho £reat continent includes Europe, Asia, and Aincar->tho latter 
being almost detached from Asia at the isthmus of Suez, and almost connected with 
Europe at the straits of Gibraltar. Europe and Asft offer no .well-marked natural lino 
of separation, and the accepted and political division consists partly of a low mountain 
chain, and partly of a river. Thus the land of Europe docs not rca^y resolve itself into 
its true and great natural features, and con only be properly understood, in so far as its 
physied geography is concerned, by a reference to the adjacent land, even to the extent 
of almost the whole of Asia, and a large pait of Africa. 

The continent of Europe, with which most of the readers of these pages aro 
doubtless best acquainted, is not without the means of suggesting some important 
gcncralizationa of scicncS, while in matters of greater detail, and perhaps more imi- 
versal interest, it presents abundant matter for illustration. It contains within it 
about four millions of square miles (about one-eighth of the land of the greater 
continent), and possesses ranges of lofty mountains, piercing the clouds, and several 
of them covered with eternal snow. Eivci-s of frofen snow proceed from some 
of those, and make their way into the sheltered valleys below, loaded with fragments 
of rock tom from numerous jagged pinnacles that appear, indeed, to bo permanent, 
but are, in fact, only constantly renewed in similar form. It contains, also, a mul- 
titude of rounded and undulated hills, of lesser elevation, some of them clothed by 
vast forests of pine, others covered by chestnut and oak, while others again ore smiling 
with corn-fields, or laugh with the yet ridicr luxuriance of the vine. It exhibits noble 
rivers, traversing extensive xdains-— not, indeed, rivalling in magnitude those vast streams 
already referred to,* which pour forth their torrents into the Bay of Bengal, the Persian 
Gulf, the Yellow Sea, the Caribbean Sea, the Polar ^eas, and tho western side of the 
Atlantic, but more than equalling them in their adaptability to the wants and comforts 
of civilized man, and brought within those limits which encourage indus^, by calling 
forth the talents and energies of our race. It embraces, also, lakes and inland seas, 
presenting a rare variety of extent and usefulness. It has around it islands admirably 
placed for commerce, and admirably supplied with the means of availing themselves of 
this position. It is blessed with a climate, offering, it is tme, much change, but nowhere 
ill-adapted to call, forth the exertions of man, to tax his ingenuity, and to necessitate 
the cultivation pf his highest intellectual powers. It is, for the most part, healthy 
and cultivable— rich, but needing, and amply repaying, labour; abounding with the 
most useful minerals, and now covered by the most useful ftwiTnal and vegetable 
tribes— many of them, it is true, introduced by man, but all q^pted to its condition, 
and most useful in their present state. Blessed in this way w'ith so much that is excel- 
lent, sddom injured by the passage of periodical storms, rarely suffering from earth- 
quakes, and gradually, it would seem, less and less frequently visited by pestilence and 
famine, as the advance of civilization points to tho best means of avoiding them, we 
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I may surely say that Europe has the elements of greatness and happiness ; and we know 
that, up to this time, she has led the way in all essential points of civilization. 

If Europe offers these matters of almost personal interest, the remaining part of the 
great contineift is also crowded with phenomena which in magnitude siupass the others. 
Tho lofty*mountain chains of the Himalaya, the vast and trackless deserts of Central 
Africa, Ihc steppes of Tartary, the basins of the Ckmges, and other rivers of the first 
class in Asia, and the volcanic islands of the Eastern Archipelago are each and all 
worthy of study, not only in themselves, hut in their bearing on the general questions of 
Physical Geography that bear most directly on Geology. 

The land thus grouped into one mass ranges from north-bast to south-west, being 
terminated northwards about the scjrenticth parallel of latitude, and pointing, as has been 
already said, by a number of triangular projections, towards the south. It includes 
numerous lofty plateaux, and innumerable smaller plains and river valleys, the surface 
being much broken in almost every direction, and its coast line indented to so great an 
extent, that it would toko a line of nearly seventy thousand miles to follow all tho 
ircgularitics around its edge. Situated chiefly in the northern hemisphere, and most part 
of it, indeed, within the north temperate zone, there arc many similoritios over a wide 
range which would be much more marked, were it not for tho spurs or transverse ridges 
extending from the great mountain chains, which separate districts otherwise under ncaily 
the same conditions. 

Tho continent of America contains about fourtcKm and a half millions of square 
miles, and is not only smaller but much simpler in its form than the land of the Old 
World. It has in all a coast lino of upwards of forty thousand miles, but a great part 
of tho shores arc imbrokcn, and present but few bays or gulfr. Those that do exist, 
however, oiu largo and highly important, especially the vast Gulfs of Mexico and tho 
Caribbean Sea, and tho important Gulf of St. Lawrence. South America corresponds 
wcU in form, and in some other peculiarities, to Africa, and the shores of the great 
Atlantic canal appear, as it were, to correspond — the projections of one fitting into tho 
recesses of the other. 

While the longer known and larger mass of land "contains the loftiest summits of our 
globe in the Himalayan chain, tlio most savage and dreary wilds in the Sahara of 
Africa, and the grandest high plateaux in Tartary, Central Africa, and Spain, a high 
degree of interest also attaches to the mountains of America, with their conical volcanic 
summits so frequently piercing far above the general range of tho Andes, and to the 
prairies of the north and the silvas and llanos of tho southern part of the same land, 
which oro almost equally extensive and more uniform than the plains of Asia, but are 
far less elevated above tho sea. 

Xslaiidfld-— Leaving tl^p larger portions of land, or continents, and passing to those 
which are called islands, we meet with them— first, as existing in immediate proximity 
with tho largo solid portions of tho globe, and thenco called continental islands. These 
generally have a peculiar form, or, rather, follow a peculiar law : they extend in the 
direction of the main land, and often partake of its form. An illustration of this law 
is presented in the island of Madagascar, whidi extends along part of the east coast of 
Africa. They frequency also exhibit the some physical structure as tho continent 
towards which they lie. There is thus in Madagasw a mountain chain just paraUel 
I in its position, and analogous in character to another which runs down the continent of 
AfriV* The in tho Baltic Sea corroborate this general law. 

I But if, leaving such idands, we go to tho open sea, we find the land arranged there 
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great distances from other land, and exhibit outlines of a moat remarkable character--^ 
in some places circular, at others oval, and forming disconnected chains. 

The^ third class may bo termed islands of clovation, bearing evidence of volcanic 
origin, either directly, by on actual cono and crater, or oslics abundantly distributed, or 
indirectly by the circular form of a tract of land, now perhaps consisting of little moro 
than the secreted limestone of the cninl animal, which we know must have boon con- 
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Action of Alx and Watex on enposed Coaata.— Tho form of land, at its 
termination towards the sea, frequently furnishes interesting and instructive facts, both 
in Geography and Geology. If we look at the coast-line of some gulfs, we find detached 
rooks juttiiy; put towards the sea, and wo cannot doubt that the whole is undergoing 
change by^he action of the atmosphere and water, although the shape remains the same 
for a very long period. The rocks colled The Needles ” once formed the western extre- 
mity of the Isle of Wight. The chief of these, and that which gave its name to the group, 
was a hundred and sixty feet high, and disappeared in 1764, being undermined by the 
sea. Other parts of the coast, similarly exposed, but formed of layers of vaiiou:: ^ irma- 
tions and different degrees of hardness, are more susceptible of modificat'.n Ihc 
operation of the some causes, and yield even more readily to their action. Ii. ... x way 
the forma of coast-lines are gradtftlly changing, and tJic boundary of land anu sea 
relatively altered. 

The action on land of the water falling from or contained in the atmosphere is 
very much regulated by the form and distribution of mountains. In America, where 
the principal rivers run southwards and eastwards, descending from the higher and 
more elevated part of tho land and from the mountains, and rushing impetu^c.sly to 
the sea, they deposit large quantities of detritus, not only along the sca-eoast, but also at 
a considerable distance beyond it, into the oci an. The changes thus brought about, 
although not of a nature to be readily detected in individual cypcricncc, must, from the 
unceasing action of their causes, be vciy extensive and important. 

Mountain Chains.— Looking at the great mountain chains of the world, we 
cannot help observing the tendency of many of them to take the direction of tho coast- 
line of tho continent of which they form parts. In South America the Andes run 
parallel with the coast all the way. Turning to the eastern hem: phere, we find the 
same conditions'in Africa, on the east coast. The mountains of Scandinavia also range 
parallel to the west coast of Europe ; and, by continuing ,thc line across the sea, it 
win connect itself with the mountains of Scotland and Wales. These facts, token in 
connection with the tendmicy of the iidands to follow the coast-line of neighbouring 
continents, ore important. The very general observation of such facts has ^ven rise 
to an opinion that aU the mountain ranges lie in the same direction os the earth’s 
axis, or at right angles to it— an opinion, however, which is not borne out by the 
ajctoal state of the case, since wf find the line of tho Alps extending in a direction 
neither of the axis of the earth, nor yet decidedly cast or west, though having a 
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tendency to the latter direction, and connecting itsdf on Ihe west with the Pyrenees^ 
and eastwards with the Caucasus, from whence a line of high elevation extends to tho 
mountains of TnHip , 
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The opposite sides of mountains are often marked by great difference in their 
ateepnosB ; and, while on one side the elevation approaches the pcxpcndicular, and pre- 
sents an outline of great boldness, on the other it dies away down to the plains. Thus 
the Alps on the Italian side present sharp and sudden prominences ; on^the other kide, 
they are comparatively sloping and gradual. Tho Andes also form a'line running from 
north to south, and rise suddenly from the coast, but on the other side they terminate in 
extensive and elevated plains descending towards the sea in some cases by successive steps. 

In estimating the comparative influence of mountains on the surface drainage of a 
co'mtry, wo mu::t not merely regard their heights, since many mountain chains of tho 
greatest importance aresby no means so lofty as others which arc of less consequence. 
The truth of this remark is exemplified in the Ural mountains, the political boundary 
of Europe and Asia. This range is comparatively low, but nevertheless determines 
the distribution of large and extensive bodies of water, and exerts a very important > 
influence on the climate of surrounding distiicts on each side. 

Besides these, we may regard, as connected with the subject of elevations of land, the 
conditions of the plateaux and table-lands, of which the vast prairies of America, and, 
in tlrj^ld AVorid, the steppes o *^iberia, arc examples. In Siberia, this elevation above 
the sea-level ranges from five to twelve thousand feet, and produces a marked effect on 
the mean elevation of the whole continent. In America, on the other hand, the clcva- ! 
tions arc small, and the^lains often sink almost to the sea. 1 

Besides tho mountain chains and elevated plateaux, another form of elevation is ! 
frequently mot with in isolated mountains, belonging apparently to no chain, and rising i 
abruptly from tho land, or, os u sometimes seen, from the bed of the ocean, and oxlii- 
biting signs of volcanic origin. Such mountains are comparatively rare, and are 
usually associated w 1th volcanic phenomena. 

As tne counterparts of mountains, between wliich they generally lie, valleys possess 
much geogiaphical interest, and perform a very important part in the drainage of a 
country. They are, for the most part, low, nearly level, and gradually sloping towards 
the ocean. 

It is not always, however, that river valleys arc broad and open. They arc some- 
times ifiiut in so closely, that tho waters of the stream can scarcely force a passage, and 
when on a large scale, they thus afford some of the most magnificent and picturesque 
scenery on tho surface of the earth. The beautiful ^rge of tho Bhine, between Bingen 
and Goblentz, tho iron gates of the Danube, that of the Saxon Switzerland on tho 
banks of the Elbe, and other familiar European scenery, afford admirable examples of 
fhia kind. 

Some of the whirlpools and rapids impeding the navigation of rivers, are also duo to 
a similar condition, and to an inadequate passage for the body of water rushing along a 
channel. It is, however, worthy of notice, that some of the largest rivers, although 
extremdy rapid torrents, have but a very small fall indeed. Thus, in the descent of the 
Ohio and Mississippi from Cincinnati to the Gulf of Mexico, a distance of nearly one 
t byifwnd seven hundred miles, tho mean fall is less than three inches per mile. 

It must not be forgotten that the external form of land/ the direction of its vortical, 
as wdl as horizontal extension, and the position of tho great expanse of ocean, all have 
a most important bearing on climate. 

GUmate.—Temperature, although often regarded as almost synonymous with 
ia in reality but a dement in the complicated phenomena referred to 
by that word. Temperature itsdf, too, requires to bo considered with reference to its 
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I extreme limits, as \7oll as to the mean of summer and winter, and of tho whole year. 
I Moisture, and especially tlic aqueous condition of tho atmosphere, is another important 
I ingredient. Tho pressure of tho air, and tho changes that occur in this respect, 
I whether diumaiy seasonal, or annual ; the purity, transparence, and serenity of tho air ; 
the nature of tho ]^TCYalcnt winds ; and tho electric tension of the atmosphere, — ^those 
arc aU points of vital importance, without a due consideration of which no proper 
conclusion as to climate can be anived at. 

Thus it often happens that places having tho same latitude, the same relative posi- 
tion on continents, and even tho same mean annual temperature, differ exceedingly in 
climate, and arc characterized by vegetation of on altogether disdnet character ; while 
others, in which those points, important as they are, vary exceedingly, arc yet nearly 
' similar in all the essential matters wAich govern climatal resemblance, 
j An instance of this has often been quoted in the eoso of Dublin, as compared with 
I the banks of the Danube below Vienna, in tho some latitude (54^ 56'}, and having the 
; same average temperature (49®*2 F.). 

In Dublin, the mean summer heat is 60^*8, and the mean winter cold while in 
! Hungary, in the coiTcsponding position^ tho summer heats average 69^ 8 1 and the tem- 
perature of the winter months averages 27^*7. The climate of Dublin is that of an island 
I suiTounded by a comparatively warm sea, so that there is no intense cold, and snow rardy 
, lies on the ground, but on the other hand, there is little heat in*' summer. Tho myrtle 
j will grow in the open air, and resist tlic winter, but tho grape will not ripen. In Hun- 
1 gary, on the contraiy, the myrtle would bo destroyed by the winter frosts, but the 
' summer sun not only ripens tho grape, but enables tho inhabitants to prepare some of 
the finest and richest wine known in the world. 

Owing to the constitution of tho atmosphere, the temperature not only diminishes 
! in proceeding from tho equator towards either pole, but also in ascending from any place 
I near the sea into the higher regions, whether on a mountain side, a lofty plain, or 
! merely by some temporary contrivance, such as a balloon. At a certain moderate ele- 
vation, even in the hottest climates, vre reach tho limit at which water is no longer a 
■ fluid, and this limit, colled the snow line, varies from about eighteen thousand feet 
: under tho tropics, to where it reaches the level of tho sea in tho Arctic and Antarctic 
circles. It will easily bo understood, that not only actual elevation, but the vicinity of 
; mountain chains, the extent and form of tho surrounding land, and the infliiAnnft of 
oceanic currents, which may bring warmer or colder water into a given q[K>t, th e s e 
all influence climate, and greatly affect vegetation. 

The conditions of climate, so far as regards the state of tho atmosphere and the dis- 
tribution of 'heat— two most distinct and influential matters — ^will now, perhaps, be 
understood and appreciated. Europe owes its mild and average temperature^flir 
diffbrent, in this respect, to corresponding countries on tho other side of the Atlantic, or 
on either side of tho Pacific oceans— to its intersected form and deeply-indented coast; 
to its exposure to tho prevailing west winds which have blown across the ocean ; to tho 
sea, free ih>m ice, which separates it from the Polar regions ; and, lastly, to tho exist- 
ence and position of Africa, with its wide extent of tropical land, while the equa- 
torial region to tho south of Asia is, for the most part, covered by ocean. The European 
climate would, therefore, become colder if Africa were to bo overflowed by the ocean ; 
or if land were to rise from beneath the waves and connect Africa and America ; or if 
the Gulf stream were to cease to extend its wanning influenco to the northern sea ; or, 
finally, if a tract of land were to be elevated between Scandinavia and Spitsbergen. 
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Tlic climate of other parts of the great contiiiciit is equally affcectcd by local causes. 
Thus, as we advance to the cast, the westerly winds become cold and dry. lu tlie 
vicinity of great mountain chains the same deterioration is felt, and other conditions 
might bo imagined by which changes would be produced, greatly •nodifying,«and» 
perhaps, entirely changing the conditions of existence favourable to^ existing races. 

Questions and conmderationa like these aro not only of abstract interest to scientific 
men, but have much direct beating in a practical sense, inasmuch as climato greatly 
influences the modes of communication, the extent of intercoui'sc, and even the progress 
and civilisation of niankind. 

For whatever causes diversity of form or fcaturo on the surface of our planet— the 
mountains— tho great lakes — the grassy steppes — and even the deserts— and, still more, 
the great river valleys, and the streams thcmselvesfaurroundcd by a coast-like margin of 
vegetation, must impress some peculiar mark or character on the social state of its inha- 
bitants. Continuous ridges of lofty mountains, covered with snow, impodo intercourse 
and traffic ; the lofty plains, narrow enclosed valleys, and table-lands servo as tho 
last retreat of retiring and nearly extinct races; while lowlands, interspersed with 
discotitinuous chains, and with groups of hills of more moderate elevation— such as ore 
presented by a great part of Europe, especially near its western coast-line— aro favour- 
able for tho pursuits of commerce ; and the improvement of the races of domesticated 
animals, as well as increased cultivation, give rise to numerous modifications of animal 
and vegetable life, and suggest mechanical contrivances, which tend, on the whole, 
to the intellectual progress of our race. 

In tho rapid glance that we have now taken of some of the most remarkable of thoso 
world-phenomena, connected with tlic form of land and the distribution of land and 
water, tho reader may, perhaps, have been reminded of what has often already presented 
itself to his observation, rather than be struck with any now facts communicated. But 
some of these facts may h^vc been presented in a way not altogether fonulior, and thus, 
perhaps, there may have been imparted fresh interest to a subject always, in one diapo 
or other, before us. The mutual influence and the mutual necessity which bind together 
into one group almost all tho great facts of nature, is also eminently shown in reference 
to this subject ; and it is not the least important or the least instructive lesson, afforded ‘ 
by the study of nature on a large scale, that wo learn to appreciate this os one of the 
great and universal truths. Tnien also wo see, os ill tho ease before us, that the con- 
stant circulation of aqueous fluid— only to be performed, so far as wo can know, by tho 
agency of the atmosphere — ^is only practically useful in consequence of tho form, tho 
features, and the distribution of land ; when we find the temperature, such as it exists, 
and related as it is to tho existing conditions of matter, also perfectly in harmony with 
every other arrangement; when, in a word, we perceive throughout such perfect 
adaj^tion in every respect — not acting by a system of interference, but by definite 
me&ods or laws, which aro constant in their. mode qf action — it cannot fail to strike 
every one, that method of producing all necessary modifications in infinite variety 
of detail, is the method which the Author of nature has seen fit to adopt, and in tho work- 
ing out of which we ore not at liberty to assume any essential alteration of principle. 

Beat of the Inteziox of the Saxth.— Among the gre^t classes or groups of 
phenomena presented in the study of nature, thoso which involve motion axe, in all 
respects, pre^minant. Wo have seen, in considering the most ordinary facts, with 
regard to the air and water, that theao are most important and very widely influen- i 
tial; thftt tho currents of air circldating constantly produce tho modifications of 
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temperaturo on which climate depends. It has also been shown that the tides and cur- 
rents of the ocean, and the streams that feed it, are essential to the present condition 
of things ; and we cease to wonder at the fact, that air and water arc so seldom in 
repost. . • 

Our very* language, indeed, speaks in proverbs of the inconstancy of the winds, and 
the fluctuation of the tides and the fluid and aerial conditions of matter are commonly 
contrasted with the relative permanency of the solid earth on which wc tread. 

And yet it appears, after all, that this permanency is only apparent. The earth, 
or at least thataupcrflcial crust presented for our observation, has its "own movements 
and disturbances, by causes acting from within. These causes tend to burst asunder and 
destroy portions of the solid crust, and are connected with the presence of intensely 
i heated matter existing far below the Surface. 

i. In order to judge of the nature of the relative magnitude and importance, and the 
actual extent of ^ese movements, let us first refer to the ordinary condition, with regard 
to temperature, of the great depths of the earth, and this will lead us to on inquiry 
as to how far the interior condition does or may act upon the exterior surface, and 
how, from the position of those points at which the surface is reached, we can judge of 
the true nature and value of the phenomena. 

The causes tending to modify the condition of the earth’s crust, various as are their 
modes of exhibition, refer themselves, sooner or later, either to thor presence of an internal 
I source of heat existing at some point far below tho surface of the earth, or else to the 
' mutual mechanical action of air and water at various temperatures. To gain a correct 
j notion of the operation of the first of these causes, we must inquire what is the ordinary 
! condition of the matter of the earth’s crust, and how its intcmdl condition affects the 
exterior ? The first thing that strikes us in this inquiry is, that whilst, to a certain 
depth, tho mean temperaturo of tho earth is dependent on that of the atmosphere, and 
differs in various localities, bdow that depth it uniformly^ increases. When w^dig 
below the depth over which tho influence of atmospheric temperature is felt, the ther- 
mometer rises regularly in a definite proportion ; and when w^c descend to very great 
depths, os in coal mines, tho temperature becomes so warm as to remind one of a tropical 
-climate. Tho deepest coal-mine in England had for a long time, and till cooled by a 
constant circulation of air, a fixed temperature varying from 80** to 84”, and the nati^ 
heat at this depth has no reference <io the thcrmomctrical condition of tho surface. 

Bot Spzlng8.~Increase of temperature below a certain depth is also diown by other 
means. Fits and wells have been sunk, for various purposes, and at different times, to great 
depths, and obseiTations have been made in them with the thermometer. The results have 
given constant* testimony to the law of increase of temperature according to increase in 
depth. Besides this, we have evidence of tho same fact in numerous natural warm 
q)rings and wells throwing out their waters at various points on the earth’s surface at 
temperatures differing from one oqpther, but much higher than that of the local atmos- 
phere. These springs are met with in many parts of the world; those of Carlsbad, 
Wiesbaden, and Bath, arc familiar to all, and certainly tend to ifliow that a source of 
heat of some kind exists at some point in the interior of the earth. But there are other 
districts in which this^ doctrino receives a yet further confirmation. In some parts of 
South America there exist springs at the bases of mountains covered with perpetual 
snow, tho waters of which issue at a temperature removed but a very few degrees from 
the boiling point of water. Perhaps the most remarkable phenomena of this kind 
axe the hot springs of Iceland. There exist in that island certain small hills ; in the 
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middle of some of these are funnel-shaped basins, in the bottom of which are holes leading 
to a considerable depth. These basins arc at times left dry, but water rises periodically 
in the pipe-liko passage at a temperature of 212% and fills the basjn to oycrflqwing. 
Suddenly a stream of boiling water rushes up into tho air withiWondorful violence, 
whilst tho atmosphere is filled with the steam. The height of the columns varies from 
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eighty to one hundred and eighty feet, and they succeed one another with great rapidity ; | 
the Ifut being generally the most vigorous. The time between these appearances is small, i 
and the eruptions ore periodic, taking place about four times in twenty-four hours, but | 
they are not strictly regular. 

It is but a small step from these phenomena to those singpilar eruptions of mud 
which are observed by the naturalist, and which form a connecting link bctvrccn tho 
hot fountain and the volcano. The consistcnco as well as the composition of the mate- 
rial thrown out in theso eruptions is not always the same. Sometimes mud mixed with 
stones and naphtha is expelled, while sulphurous vapour and hydrogen gas are dis- 
engaged. A remarkable instance of this kind of eruption occurred in tho iriand of 
Sicily, in 1777. In the south of Europe, however, the products of eruption are chiefly 
solid mattei— dry ashes, fluid rock, called lava, and scoriae : theso are generally accom- 
panied by the emission of flame and smoke. 

▼olcaaoeSa— A volcano is a mountain of conical shape, composed, superficially at 
least, of strata sloping away from a Central oup-shapod cavity, and giving out at its sum- 
mit, with intomal commotion, lava, stones, scorim, and aqueous vapour, with certain gases. 
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Volca&oes are, for tlie most port, of some hciglit, and peaked, but this is not always the 
COSO ; a number of small elevated bills being equally volcanic in tbeir character with 
ihoso^of loftier l|pight. All Europeans are familiar with the names of Mount Etna, in 
Sicily, and 'S^suvii^, in the Bay of Naples. The eruptions of the former have been 
very numerous, and their history is lost in antiquity ; by those of the latter Hercu- 
laneum and Pompeii were overwhelmed. 

Mount Hccla, in Iceland, must also be mentioned among the more considerable 
volcanoes of E^pe, but several others of importance also exist in the same island. 

The Greek Archipelago contains the islands of Santorin, an^ two smaller islands, 
which appear to have been heaved up by volcanic action from the bed of the sea, a 
belief which is favoured by authentic histoiy. From these islands a volcanic chain 
(>xtcnds to the eastern coast of the Peloponnesus, where several rocks of a decidedly 
* volcanic character present themselves. 

A for more imposing extent of volcanic agency awaits us on the continent of Asia. 
It is possible to trace a lino of volcanic operations across the very centre of this vast 
tract of land, from the idiores of the Caspian Sea — ^that is, frum the Cauoftsian 
mountains— through Central Tartary, to the noi-thcm declivity of the Celestial moun- 
tains in the 43° of latitude. 'Within this range are some extinct volcanoes and their 
products, and others in a state of activity, abundantly proving the exiatcnco of volcanic 
agency for the distance of throe thousand miles. In the Indian Archipelago a remark- 
ably arranged volcanic region exists, in a Ibrm approaching to that of a horse-shoe, its 
N.E. extremity being a little beyond the 20° of N. latitude, and* at the 120° of E. longi- 
tude. From ^s point it descend passii^ in its course through the Philippine Islands, 
and, indining to tho oast, it crosses the equator, and juts out from the cost of tho 
Celebes to New Guinea; from thence it takes a westerly direotiim, and, descending 
nearly to Tuner, extends through tho Moluccas to Java ; then, 'bending northwards, 
it is prolonged through Sumatra, and terminates at Barren Island, in the Bay of 
Bengal. 

On the opposite side of the globe is a large continuous chain of volcanic mountains, 
which commences on tho coast of the Mexican Gulf. Tho first mountain in this remark- 
able chain is a small volcano colled the Volcan do Tuxtula ; then the high peaks of 
Orizaba and Popocatapctl ; farther w west lie the volcanoes of Jorullo. Some of these 
mountains arc covered with perpetual snow. Tho whole chain extends to the length of 
one hundred and forty leagues. 

The eruptions of volcanoes aro usually accompanied with emission of flame ; hut 
this is not invariably the cose. Some ciniptions arc not attended with any appcaittnoe 
of Are, whilo all burning mountains are not entitled to ho considered volcanic. Tho 
eruption generally breaks out with violent noise and concussion of rocks. Tho force 
by which these movements arc effected is most astonishing, and the diffusion of matter 
projected is often exceedingly extensive. When the material is of the lighter kmd, it 
is often convoyed by its original momentum, added to the favouring influence of the 
wind, to a considerable distance. In September, 1845, an eruption took place in Iceland, 
and the ashes thrown out were, in ten hours afterwards, thickly deposited on some 
of the Scottish isles. These ashes had been conveyed through some upp^ current of 
air, and tho original quantity must have been very largo indeed. In an eruption of a 
mountain in South America, which took place ten years ago, adics wero thrown out 
in sucli abundance that the air was darkened, within a few minutes of the commencement 
of the eruption, oven at a distance of fifty miles, so os to prevent recognition amongst tho 
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inhabitants. Lava is only another couditiun of the osn, but it is thrown i.ut in a 
liquid or fused state ; and, generally speaking, those mountains whicli throw out lava do 
not afford ashes. In the year 1783, a temble eniption took place in Iceland, during 
which a prodigious quantity of lava was thrown out, not from the crater Gf a volcano, 
but from its side ; the molten torrent flowed slowly doma the side of* the mountain for 
forty-two days, during which time it had travelled fifty miles ; it then branched olf 
into two main streams, flowing towards the sea ; one of them was forty, and the other fifty 
miles in length. Its depth varied in different parts, according to tlic surface of tho country 
to which it adapted itself, ranging from one thousand to six himdred'fcct; and its 
greatest breadth mcasuxid fifteen miles. In its course, it completely obliterated a waterfall. 

In some instances blocks of stone have been upl^avcd and projected to vast distances 
in some of the islands of 
South America. One block 
weighing 200‘ tons was 
thrown to a spot nine 
miles from the volcano 
from A^hich it was expel 
led. Sometimes this power 
sliows itself in another 
manner, and changes tfic 
level of a large tract of 
coimtiy. Thus, in the 
middlo of the last cemtury, 
a volcano was formed in 
tlic centre of tho great 
table-land of Mexico, upon 
which occasion a tract of • 
ground, from three to four 
square miles in extent, was 
heaved up in a convex fonn 
to tlio haig^ of 550 feet, 
from which arose several 
conical hiUs, none less than 300 feet in height, and t£o highest of tlic'm, Jorullo, I GOO 
feet high. The upheaving hero described was attended with great noise, lasting a long 
time ; and the inhabitants of the town saw flames issue from the disturbed tract, after 
which tho noise ceased. Two rivers were destroyed which had formerly run through 
this port of the country, and, instead of them, there ore now two springs of huiliug 
water. The formation of Monto Nuovo, in the neighbourhood of Naples, and of Monte 
Hossi, upon the side of Etna, arc due to a like cause ; from which, also, not only arc 
mountains raised up, but extensive subsidences take place. In 1772 a great part of the 
Papdndayang, a mountain in Java, was swallowed up ; the inhabitants of its declivities 
were suddenly alarmed by tremendous noises in the earth, and before they had time to 
retire from the vicinity, the mountain began to subside, and soon disappeared. The 
area of this subsidence was no less thn.Ti fifteen- miles long and sic broad. Tho cone of 
Etna has repeatedly fallen in and been reproduced. In 1537, and again in 1693, tho 
summit of Vesuvius was reduced in height ; while, in tho eniption of October, 1822, 
upwards of eight hundred feet of the aqcicnt cone of that volcano were carried away. 

XSarthqukeBs— The immediate effects of an earthquake ore to crack and split the 
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modem date. It is not the chemical nature of the constituent particlcS| but the 
mechanical structure of the rocks which modifies the propagation of the shock, or 
of the waye which occasions it. Where such a wave proceeds in a regular course 
a coast, or at the foot of, and parallel to the direction of a mountain interrup- 
tions at certain points have sometimes been remarked, and continue for centuries, th e 
undulation passing onward in the depths below, but never being felt at those poiuts 
of the surface. The Feruvians say of these upper strata, which are never shaken, that 
they form a bridge. As the mountain chains themselves appear to have been elevated 
over fissures, it may be that the walls of these cavities feivour the propagation of the 
undulations moving in their own direction ; sometimes, however, the waves intersect 
several chains almost at ri^t an^cs, — an example of which occurs in South America, 
whore they cross both the littoral chain of Venezuela and the Sierra Parime. 
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IfiL Asia sIhjcIm of cartlniuakea have boon propagatt'd from I.aliore and the foot of tho- 
Himalayas (22iid January, 1832) across the chain of tho Hindu Koosh, as far even os 
Jiokhara. The range of the undulations is sometimes permanently extended, and this 
may he a consequence of a single earthquake of iinusuol violence. Sin(|p the destyic- 
lion of Cumana (Central America), on the 14th December, 1707, an^l only; since that 
epoeli, every shock on tho southern coast extends to the mica slate rooks of the pcniii- 
eula of Marriquarcy, situated opposite the chalk hills off tho mainland. In tho great 
alluvial valleys of the jVlississippi, the Arkansas, and the Ohio, the i)rogressivc advance 
iVom south to north of the almost uninteiTUi)ted undulations of the ground, between 
1811 and 1813, was veiy striking. It would seem as if subterranean obstacles were 
.'gradually overcome, and that tlic way being once opened, the undulator}* movement is 
propagated through it on each occasion. ^ 

Change of lievel of Ziand. — If wo proccc'd from the study of the phenomena 
1 ‘xhihitcd by active volcanoes and earthquakes to consider whether they are constant or 
periodical, and whether their return may he anticipated, calculated, or provided against, 
wo soon find lliiit, although within certain limits, and over very extensive areas, they' 
t xhibi^ a certain degree of rl•gul^ll•ity^ yet that, on the whole, there is no possibility' ol‘ 
ilctermining how long an interval may elapse, or in what form tho next effect of di.s- 
lurbing force may appear. Those volcanoes, indeed, whose immediate effect is smaliest, 
ere usually the most frequently in action ; and the districts where earthquakes arc almost 
daily phenomena are not more frequently destroy'ed in this way than those less iirmie- 
diatcly adjacent spots where sncli active 'I'iolcneo is rare. Still there can be no doubt, 
irom tlio gent'val character of tho facts now know'u and re('r)rdcd, Unit there is, in many' 
eases, a very deep-seated communication hetween volcanoes and volcanic districts, 
w’idely removed from each other. The earthquake of Lisbon w’as felt over an area fc^r 
Limes as large as the whole of Europe ; and tho oarthquolce of Concepcion disturbed an 
area of ntJarly three himdrcd thousand square miles, permanently elevating an important 
proportion of the whole. 

A very large part of the earth’s crust is thus exposed to great and sudden changes, 
eflbeted by mechanical violence, and incessantly bringing tow'ards or above the sinface 
some poiti(m of the intensely'-heated matter existing beneath it. That there must he 
a considerable pressure over a large proportion of the inner surface of this crust, and that 
it must exist in great measure in a state of tension, Jthen' can thus bo no doubt w'liat- 
pver ; and wo must familiarize ourselves with this condition, and wnth tho mechanical 
and chemical problems suggested by it, in order to appreciate fairly' tho actual iircsent 
condition of our globe. 

But w'hrn, in addition to tho.se effects — small, indeed, in proportion to the whole 
surface, but not small in their general result— w(j consider other movements that are 
undoubtedly taking place on a far more extended scale, when we find that, whcFi^ 
there is never, or very rarely, any' earthquake movement, there may still be a 
constant change of level over tho w'holo area of a vast continent, wo shall he in 
a still better position to appreciate the full extent of those modifications, w'hich it 
requires, not merely y’’oai’s, but centuries, to render distinctly manifest to the eyes of 
man. 

In such eases, however, the difficulty of perceiving the chafigo is rather a mark of 
its magnitude and importance than a reason for its being left out of consideration. The 
greatest changes arc those — not of a day or a year — ^but those which take centuries, or 
even thousands of years, to accomplish. 
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Tens of thousanda of years must pass away ere some of those other strictly- 
periodical moyements arc concluded, whoso nature we know, and whoso rate we 
measure ; and which serve to bind, not our earth only, but the system of planets to 
whiq}! we bcloi^g, to the other bodies and systems of similar kind in the universe. 

No less gonsidorablc, perhaps, is the time required to complete some great period in 
the earth’s own history. This, at least, is the natural conclusion to which wo arrive by 
the study of existing nature ; and it is a conclusion fully borne out by every result of 
observation with regard to the past, and every principle of analogy presented in the 
sciences most nearly allied. 

Not only may we trace the result of subterraneous action, sm exhibited on a grand 
scale in carihquulccs and associated with volcanic phenomena, but also in many parts of 
the world where such indications ofWestnictivc violence are randy or never exhibited. 
Among the more remarkable instances of tliis kind may bo quoted the numerous raised 
beaches on our own coast, and along the greater part of the north-western portion of 
Europe — ^thc occasional submarine forests observable, often in the immediate neighbour- 
hood of the elevated tracts, and the singular instances in the Eastern Arehipolago, and 
the coast of South America, of very large tracts of country, extending hundred.^ and 
even thousands of miles, undergoing, it would seem, a slow but continual change of 
level, in the one ease consisting, on the whole, of elevation, mid in the other of 
depression. 

The evidence of movements of this kind is very complete, especially with reference 
to long periods of time marking geological cpoclis. 

In England the wliolo of the south and west coast exhibits, at intervals, distinct 
marks of elevation, alternating sometimes with depression, the elevation amounting to 
frqpti a few to about sixty feet above the present higli-water mark. It will readily be 
understood that, in consequence of movements of this extent, there is occasionally laid 
bare not only an ancient sca-bcacli, but the fonner bed of a ^ca, and in fact raised sea- 
bottoms, analogous to the ancient beaches, are well-marked phenomena, not unfre- 
qucnily exliibited. 

AVlicn we consider the facts thus brought to light by an examination of existing sea- 
coasts, and find marks of change, clfoctcd, it would seem, within a compaiutivcly recent 
period, it is scarcely possible that we should not bo struck by the fact, that -while all seems 
still and iimdiangcd, these not infonsidcrablc movements may bo modifying all the 
various conditions of organic existence in these parts of the globe. For it is no unim- 
portant fact that the general level of a country is raised or depressed from its former 
condition. The drainage, the temperature, tlic quantity of rain that falls, and other 
impoi*tant matters, ore all affected by such change ; and when the alteration oxtci^^tto 
the whole coast-line of an island, it is only reasonable to conclude that the whole 
surface of the island is more or less acted on, altliougb, from the extreme slowness of 
the change, it cannot be measured by any of the ordinary means available. 

On a line of coast easily eroded by the action of the waves, and in a district 
in which cultivation soon destroys every vestige that may havo been left at a 
distance from the shore, these difficulties are even greater, and can hardly be so for 
surmounted as to allow us to obtain exact results. Hut when we can examine carefully, 
and by actual measurement, localities removed some distance from the coast, we then 
may obtain certain knowledge both as to the amount of the elevation and the direction 
of the clevatory force. An opportunity of this kind is offered on the north-western 
coast of Europe, where the deep and narrow inlets called Qords, so characteristic of the 
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shores of Norway, have allowed obscrvatioiiB to be made more direct and decisive than 
any others of the kind hitherto recorded. 

It there appears that the south-east coast of Norway has been elevated about two 
hundred yards within a comparatively recent period ; that the whole coast, jup to Capo 
Nortli, has also undergone elevation, though not to quite so great an extent ^ that this 
elevation is nearly equal over considerable tracts, tlic lines of ancient sea level (whii h 
can be clearly traced) -being very nearly horizontal, and gradually dying away towards 
the interior of the country. 

Depression of Land.— In singular contrast with observations of this kind on 
land near tlie arctic circle, and illustrating similar important changes on a very 
grand scale, wo come next to the consideration of a vast multitude of islands in the 
great Eastern Archipelago, and elsewhere in the ti%)ical seas, surrounded iuid appa- 
rently formed by solid material, secreted by a luinuto animal, the coral polyp. 
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It would seem that notliing is move striking or picturesque in the warm seas near 
the Equator than tho coral islands, of vai-ious kinds, that abound in certain parts, but 
arc never seen in otliers. They arc of three kinds : fringing tho sides of consider- 
able islands, and having a manifest foundation in the land adjoining ; forming, as it 
were, harriers of coral detached from the land and having an intervening shallow basin 
between the outer roof and the island ; and cntlrcly«detachcd from the land, forming 
circlets of coral reef, with a basin or lag(K>n included— those latter being called lagoon- 
islands, atolls. 

The circumstances under which the coral animal builds its singular habitations on 
a Ui^ scalo arc very well known and dearly limited. The animal cannot live 
at a greater depth than twenty to thirty fathoms ; but great masses are found, in siiu^ 
at a for greater depth than this. The only explanation is, either that tho waters 
of the sea have greatly risen m some particular parts of the ocean — a manifest absurdity 
— or that the land, on which these corals first grew has sunk down just as the land in 
North-western Europe is rising. A coral reef, consisting of a fringe of live coral attached 
at a moderate depth, is the simplest phenomenon of tho kind, and is easily under- 
stood. This is called a fringing reef ; and as the animal only grows^vigoronsly when much 
exposed to the beating of the waves, the limit of its extension is easily determined. But 
if this whole island now sinks down slowly, tlio lowest part of its coral will gradually 
die, and new portions rise still to low water. Owing to tho comparative shelter within 
the circle, there is, however, a very shi^ow basin formed between the outer edge aud 
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the land. In this state it is called a barrier reef, and one or more islands will be sur- 
rounded, perhaps at some distance, by this singular shelter. 

If the barrier reef sinks still further, it becomes at last an atoll. 

Vhc res^lt»of the investigations on this subject is, that whore these atolls and 
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barrier-reefs exist, there has been long- continued subsidence w’ilhin u comparatively 
recent period. In this condition ar€' several large tracts in the tropics, parallel to, but 
removed some distance from, other tracts in which we have (;A'i(lciie(‘of recent elevation. 
Perhaps tho most remarkable area of deiwession is that incliidiiig the Caroline and 
the Low Ai-chipelagos, extending nearly eight thousand miles, with a hreadth of about 
two tliousand five hundred miles. 

There has been, therefore, in lliis wide tract, now onl}' occupied by islands, Silhreely 
seen above the sea-level, and in part kept in existence by the continual labour of the 
coral animal, an ancient tropical continent, rivalling tin* two Americas in magnitude, 
and gi’catl)' modifying the temperature and climate of that part of tlie world in which 
the change has taken place. 

Such is tlio evideiKJC on which wo assume that there are districts of the earth now under- 
going depression on a scale not dissimilar to nor indeed unconnected witli that on which 
-wo recognise elevation. By observations of this kind on low islets, which now only 
retain tlicir existence owing to their having been found conveninit for the habitation 
and structures of the coral animal, W'C arc enabled to recoguiso tho last vcstigi^s of 
lofty peaks, w’hich once, perhaps, existed as moimtidna penotrating the region of tho 
clouds. AVo may thus reconstruct in imagination tho land u hieh has been .submerged, 
and may even he induced to spc(!ulato eonceming tho dat(* of the submergence, and 
the plants and animals that clotlicd the ancient continent. 

Considered in their extent and in their blearing on the general argument, these 
various facts and probahiLities with respect to disturbance of the earth's crust suggest 
conclusions in tho highest degree iifiportant and interesting. AVc have S(‘cn, for instance, 
that the solid framework of our globe is frequently exposed to the action of suhtcr- 
rancon forces ; obtaining relief from time to time by volcanic outbursts of melted rock 
and ashes, thrust forth from beneath with almost inconceivable force and velocity— -and 
occasionally tearing asunder the thin crust that has cooled over the boiling and restless 
mass bcncatli, producing undulations and earth- waves which embrace in tbeir vibrations 
a largo proportion of the surface, which carry terror with them, and leave destruction 
behind tlicm. AVo have seen, also, that besides movemonfs of this kind, readily and 
immediately perceived, there arc others, affecting areas no less extensive, and in a still 
greater and more permanent manner ; modifying the form of land, producing or destroy- 
ing continents and islands, and effecting changes which, in their turn, influence the 
conditions of life upon earth. 

Changes of this kind — so considerable that it is difficult fully to realize their amount, 
so majestic in their progress that the age of man is hardly an appreciable instant in 
reference to the time they occupy, so directly influencing the great physical features of 
tho earth that our speculations with regard to them carry us back to an early period 
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of its existence — Avill at once be recognised as of the most vital importance in rcfureneo 
to the continuous and ancient history of our globe. 

And the facts thus learnt harmonize perfectly with other phenomena of nature^ f«)r 
they speak of the existing condition of things as incidental and not ]iwitt^'ineiit— a 
part, and a very small port, of a mighty and continuous whole. • • 

Tlioy remind us, also, that if we study nature we must everywhere, and at aU times, 
expect irfodification and change. The ideas of mutter and motion arc seen to bo inse- 
parable, and no rational conclusions can be arrived at adthout bearing this truth con- 
stantly in mind. 

Aqueous Actioil.— Bi'aiing in mind the actual configuration of the globe, 
relations of the land and water which fonn its surfaci*, and the extent to which eb va- 
vation and dc'pression arc going on, let us next (JorRidcr the changes that arc proJiioj-d 
by those agents which are in the ordinary seiLso of the word natural, as not surpassing 
the overy-day operations of nature. 

Such alterations^, so far as they aixi manifest, arc of tliree kinds : including, first, those 
brought about by the agency of life in all its forms ; secondly, those siinjily im'chaniitul, 
efTceted by rain and other atmosjilicric causes, by rivirs in their course to the s^, by 
marine ciUTonts, by the action of the tides, by occasional stonns and by iloijds, by the 
transport of icebergs, &c., in addition to ortliiiary volcanic and cartliquakc results, erup- 
tions of lava and olhA* solid matter, and tlio slow iiplu’aval of large tracts of Iun<l 
iiiiaccompaiiicd by violence ; and lastly, the changes produe(‘d by the action of iiiug- 
netie currents passing through the crust of the earth, and etfbcting their rcsidts also 
during the lapse of time, assisted, perhaps, by the meidiauical displacements and evolu- 
tions of heat derived from volcanic mfluenccs. 

The rhaiigcs effected upon the earth’s suriuce by nic(;liamcul agency arc Yoxy much 
greater in every respect than could readily he believed without actual calculation. 
Every shower of rain that falls in a mountain district washes down some particles 
from the solid rock ; every winter frost detaches multitudes of larger fragments ; every 
occasional storm produces likewise its effects. All these particles of matter, some in the 
form of impalpable mud, others in larger particles, and others in the shape of gravel 
and blocks of stone, aro carried down the stcc^p gullies and river courses towards 
the plains, and thence onwards to the ocean ; and unless they are first intercepted by 
extensive lakes, the matter brought from tho high founds is thus earned on, till the 
water, losing its rapidity of motion, loses also its power of conveying substances hcavi^T 
than itself, and the mud is deposited citlicr in the bed of the ocean or at the mouth of 
the river, according as the river cuiTCnt is sufficient or not to make head against tho 
tidal changes of the open sea. One or two instances of each kind of tlie termination 
of river courses, will give a sufficient idea of the nature of these operations. 

The river Ganges, with its confluent the Burrampootcr, empties itself into the sea, 
at tlio head of the great Bay of Bengal, by a vast multitude of small channels. These 
commence to branch off from the main stream at a distance of about 220 miles from tlic 
sea, and form a triangular area, whose base at the Bay of Bengal is about 200 miles long. 

Tho whole area of upwards of 20,000 square miles thus inclosed forms what is 
called from its shape a ddCa^ and it is found on examining th.jp delta that tho whole 
mass, to a great depth, consists of tho mud and other matter brought down by tho river 
in the course of ages. 

Now it may seem almost extravag^ant to assume, from any superficial obsoivations, 
that 20,000 square miles of solid land could be by any possibility deposited by a river 
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ut its moath. But no one will doubt that wbatever may be the rate of tho river cur- 
rent, it cannot but be greatly checked by passing through these hundreds of narrow 
channels, and must therefore deposit in them a veiy large quantity of tho heavier mud 
it conveys# dt has been calculated by Major Eennd that during the flood season 
as much as 450 millions of tons weight of mud are brought down daily by the rivers 
in question, and cither deposited in the different branches, or increase tbo size of tho 
delta by encroacliing yet further on tho Bay of Bengal. It will perlflips assist 
the reader in forming an idea of this quantity, to state that it is equal to aboiit a hun- 
dred times the mass of the great Pyramid of Egypt, and that if the deposit were to go 
on daily at tliis rate for half a centuiy, there would be a quanfity of matter equivalent 
to a stratum a yard thick ovci* the whole 20,000 square miles of tho delta. 

When the current of the river, ^as it empties itself into the ocean, is so powerful as 
to proceed onwards in spite of the tides and marine currents, a different result is pro- 
duc(;d. The mighty river of the Amazon, in Soutli America, is a remarkable instance 
of this, for this stream, loaded with mud and heavy detritus, may be distinguished from 
the pure water of the sea at a distance of three hundred miles from land. A vast tract 
of mvamp is firmed along tho coast in the dircc;tion of the marine cuircnt hy this mud, 
and the sliallow sea along that coast is rapidly being converted into hind. 

Ilivcrs, under ordinary conditions, tlms bring down and dqiosit at their moutlis, or 
in tlie lakes tliroiigh whidi tlieir waters pass, very large quantities of solid matter; hut 
the occasional freshets and the floods that ai'c common in all mountain districts pro- 
duce yet more striking effects, and frequently remove fragments of rock and large quan- 
tities of earthy matter. Even in Scotland instances arc not rare of floods of water 
carrying away bridges and moving fragments of rock of many tons weight, and th^ 
effects in the Alps and other loftier chains in temperate and cold regions are very much 
greater. Within the last few years, owing to some cause probably connected with the 
melting of snows in the Andes, the inhabitants of a distrxt in New Granada, almost 
under the equinoctial lino, about 4° N. lat., were almost all destroyed, and their houses 
can'icd away by a torrent of mud, stones, and gravel, the amount cf which is calculated 
to have exceeded 250 millions of tons weight. 

Glaciexs are also mighty agents of change. It is well known that high moun- 
tains in all parts of tho world are constantly covered with snow, their temperature even 
during summer not rising sufllciently to melt away this covering. Even in the tropics 
wo may rise from tho most intense heats of summer through every gradation of season 
to perpetual winter. At the equator the line at which the snow never melts is about 
16,000 feet above the sea. In tho Swiss Alps it has diminished to about 8700 feet, and 
still nearer thp artic circle it descends still lower, until at length it reaches to the ver}’ 
sea level. 

Snow-clad mountains are not glaciers, nor do glaciers belong exclusively to the 
snowy region. The common form of a glacier is a river of frozen snow, having its origin 
in the ramifleations of the higher valleys. It is the outiet of some of the vast reser- 
voirs of snow, being a prolongation of the winter-world above, often protruded into the 
midst of warm slopes, and even to tho borders of cultivation. It moves on like a river, 
with a steady flow, aq^ though no eye can trace its motion it is pressed onwards perpe- 
tually, and its termination, apparently an immoveable crystal wall, is in fact perpetually 
changing— a stationary form of which the substance wastes— a thing pcimancnt in the 
act of dissolution. 

For the greater part of its course a glacier is usually covered with blocks of stones. 
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wHioh are bonic upon its surface. Tlicse, wbicli ore often of vast dimensions, aio split 
off from tbo peaks of the higher mountains, and by tho expansion of water in cooling 
fall from tho cli£& which bound the sides of the glacier during the middle part of its 
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course. They may bo used to trace tho rate of motion of the torrent, and arc seen froni 
y(?ar to year descending with it, tho glacier becoming burdened with a constantly ineroas- 
ing charge, and at length depositing these roc.ky fragments at its final extremity. It is 
chiefly from the fact that it conveys these fragments to a distamip, and there foims a 
supei-ficial deposit of a vei^ remarkable kind, that the ghiciers are objects of interest to 
the geologist, and ]ilay an important part among the agents of change on the cartlf s 
surface. Their lower parts arc sometimes completely darkened with tho quantity of 
rocks which arc in the act of being transported to a distant locality, and tho diiuonsions 
of these rocks vary exceedingly, including some fragments measuring hundreds of 
thousands of cubic feet, and iunuincrahlc others of smaller size. 

Icebexgs. — In a country like Switzerland, and under present conditions of tem- 
perature, the cxti'cmc ciFect of glacier motion is to deposit stones and gravel on the 
sides and near tlio termination of some of the valleys of the higlier mountains ; but it 
would appear from the examination of the opposite mountain of tlie Jura (distant about 
fifty miles) that their effects were not always so limited but that the stream of stones 
was formerly carried across tho great valley of Switzerland. Whatever tho cause of 
this may be, there is no doubt that in more northern climates tlicse icy mountains 
frequently come down into the ocean, and are often broken off and floated away by 
marine currents. ' The number of icebergs — as they are called when in this state — ■ 
annually floated off from the Arctic Seas into southern latitudes, is far greater than could 
be imagined, since as many as five hundred have hi'im counted in view at one lime in 
latitude 70"* N., 'while a considerable number are conveyed mor# than 20 ’ south of that 
latitude before they are melted. 

The fragments of ice thus distributed over the Atlanti(i Ocean, and generally, no doubt, 
in nearly the course, in consequence of the pn;valent currents, cannot hut pro- 
duce a considerable effect in forming deposits on the sca-bottom. Icebergs are of various 
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every cubic foot visible tluire must be at least eight cubic feet out of sight. AVhen, 
therefore, we arc told of ialaiids of ice two mil('s in eireiimforcucc and one huiidi-ed and 
fifty foot high, we need not bo astonished at Icaniing that they have been fijund 
stranded in water fifteen hundred feet deep. The efiect of tlio stranding of such 
enormous masses, and the quantity of gravel and blocks of stone deposited at the sea- 
bottom during the melting, it is ^arccly possible to imagine. 

.action of the Sea-— Marine currents daily wear away portions of the coast washed 
hy them, some of the results of which arc seen in tlic ebdk cliffs of the Isle of TV'ight 


a, level of low water, 
bf level of high water. 
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and of Normandy, while on a grander scale the same process is going on in the north of 
Scotland, where the sea has cut for itself a passage through difis of the hardest por- 
phyry, separating islands from the main-land, and tearing ^cse islands to shreds, until 
at last even these are washed away, victims to the resistless violence of moving water. 
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The preceding diagram well illustrates the tidal action on a cliiF in the I&lo of Olcron 
in France. 

The extent of solid matter deposited in new places hy the action of water is excood- 
ingly great, and really produces a vciy considerable change in the lapSb of ccntiiWcs. 
But there is another kind of action also going on on our globe, which, alfhough of a 
directly opposite nature, is not less clfo('.tual. 'ITic nunicroiis volcanoes and centres i.i’ 
volcanic eruption distributed, as has been already described, over tlie earth’s surlaec'^ 
pour out melted rock and various heated subslaneos upon the surface, and pro<hir*o 
strange and unexpected additions to the solid matter of tlie globe. 

Such outlines as hii^e been given may seivc to communicate a notion of the intimsity 
and power of the forces now in action, and a earefiil study of them will greatly assist 
in obtaining distinct ideas regarding geological eluSiges. A7id this is tlie ease, boeiinso 
whatever may be tlie difference of degree and intensity with n'gard to the can sea that 
liave produced the appearances recorded by geologists, there can bo no doubt tliat tlu‘ 
only tine and sound basis for all speculations eonceruing Ibcm should be a eonsidoratioii 
of what is now going on in any analogous mode. It will soon appear, whcai we begin 
to stuSy the facts of Geology, that these arc, to a gi’oat extent, due to causes so similar 
that we can scarcely distinguish between tlii'm ; for the strata, and distnvhanees of strata, 
present very nearly the same .niipoaraneos as those now in course of deposit, or now 
being distui’bod by the forces just described. 

Organic Influence. — But we must not leave out of view nnotbor veiy marked 
agent in modifying the earth’s crust— namtdy, that which is connected witli organic, 
existence. In the vegetable world, and in tropical coimtrio.*?, tlio msulls thus produced 
both on land and at river mouths arc very iniiMirlant ; for wo find vast tropied forests 
sometimes changed by slight disturbances of level into swamps, while at other times tlie 
trees arc carried away by floods and dc])ositcd in river beds, or convoyed down to the 
open sea. Otlicr and not loss impoi-tant modifieatLon.s arc also effected by plants of small 
size producing peat. 

But it is animals of low organization that affect in the most striking manner 
tlie actual solid substance of the eartli — ^tlieir skeletons occasionally forming cxten.sive 
and thick beds, and the living individuals and groups building up whole mountain 
masses, compared with which the most mighty and magnificent of human labours 
shrink into insignificance. Among those, the polyp* which forms coral islands, the yet 
less manifest foraminifera, and the minute and almost invisible infusorial animalcules 
arc remarkable instances ; and certainly it is calculated to stagger the faith of any 
one when he hears, for tlie first time, that masses of rock, many leagues in extent, 
are founded in the depths of the ocean, and that these arc built up to the Iieight 
of hundreds of feet, by minute, frail, and gelatinous animalcules. The prodigious 
extent, indeed, of the combined and unintcmiitting labours of thc.so little urorld 
architects must he witnessed in order to ho adequately conceived or realized. They 
have built np a* harrier reef ;ilong the shores of New Caledonia for a length of 
four hundred miles, and another which runs for one thousand miles along tlie cast coast 
of Australia. They form also circular rings or islands rising out of the deep water, 
an account of one of which may bo given as an example of their laboiire. Those of 
small size mcasiu'O fifty miles in length by tw(mty in breadth, so that if the ledge 
of ooral were extended in one line, it would reach one hundred and twenty miles in 
length. Assuming such a lodge of coral to be a quarter of a mile broad and one hundred 
and fifty feet deep, we have here a mound compared with which the walls of Babylon, 
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the great wall of China, or the pyramids of Egypt arc but children’s toys ; and it is 
built amidst the waves of the ocean, and in dcdancc of its storms, which sweep away 
the more solid works of man. 

• But uninAls infinitely moro minute, and apparently more helpless, than these coral 
polyps aho forift important deposits on the earth’s surface. Certain kinds of siliceous 
stone used in polishing metals, and known imdcr the name of Tripoli and Polishing 
slate, arc entirely composed of the siliceous coses of the infusoriol animalcules, and at 
one spot in Bohemia there is a single stratum of this substance not less than fourteen 
feet thick, every cubic inch of which has been estimated to contain the flinty skeleton 
of more than forty thousand millions of individuals. * 

Thus, then, it appears that tlicrc arc constantly going on great and important 
changes of the physical fi'aturos^of tlie globe, even so great as to atl^ct the relative 
distribution of land and watcT, and that these changes arc produced partly by the 
transporting power of water and by the aid of frost ; partly also by the upheaving and 
rjccting of matter by volcanic agmey ; and partly, loo, by means of the ceaseless 
labours of organized beings, some of them so minute that they cannot he appreciated by 
the unassisted eye. 

Recapitulation. — It may ho worth while now to bring hack the reader’s attention 
to the mode in which the various facts and deductions of the science have been pre- 
sents ‘d, and the object which it has been endeavoured to keep* constantly in view. 

Nature — ^und<‘rslaiiding by that term the conditions under which matter and motion 
arc presented to tlie human intellect by the agency of tho external senses — ^Nature is 
cveryv'hcre before us, and, whether wo will or not, must produce a certain eftbet upon 
us. We may study or not the various departments involved in the simple observation 
of external nature — ^wc may reflect upon or neglect the contemplation of that beautiful 
and invariable harmony which reigns throughout in the laws and methods according to 
which matter is arranged— we may he exclusive in our do otion to a special subject, or 
we may wander discjursively over all — in a word, we may he as regardless or as enthu- 
siastic as we will, but we cannot escape being infiucncc^d and afibeted by every law and 
every modification of it. Thus it is that the study of Nature is a personal matter, and 
in some form or other is the source of all our purest, best, and most lasting enjoyments. 
It has been endeavoured to illustrate the subject of Physical Geography by familiar 
examples, proving tho great principle of mutual adaptation and mutual relation 
every whore present, and to show tliat nature is one— governed everywhere by the same 
laws, following oveiywhcTc and always the samo i)lan, and producing that very har- 
monious variety which is so essential for our appreciation of beauty by the nccessai}'’ 
and invariable action of a few simple and easily imderstood arrangements. 

For this purpose, those general facts relating to our planet were first brought under 
notice which connect tho earth with a great and wide system, extending indefinitely in 
space, and not limited by any boundary that we can even imagine. AU these various 
and innumcrahlo spheres move in perfect harmony, each in its accustomed course, not 
uninfluenced by the rest, nor without influence upon them, hut not interfering, and 
exhibiting no elements of discord. We then proceeded to consider the action of the 
imponderable agent 'v^ich we call //Mf, in consequence of whose influence that portion 
of matter belonging to us as a planet exists on the surfaco in the three conditions of 
earth, air, and water ; these conditions not being necessary to matter, and only having 
distinct reference to the organic bodies presented at and near the earth’s surfiiee. 
The effects produced by the mutual action of earth, air, and water, were then dwelt 
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upon, and ve considered the results of long-coutinued action of that kind in clahorating 
the existing state of the surface. Each of these so-called elements’' vras Uie subject 
of special consideration, and the most impoiinnt phenomena of each come successively 
under our notice. In all these cases the important conclusion was that wbi(jji connected 
the one set of facts with the other— the apparent and proximate cause with the observed 
effect. 

llavlng thus studied the various phenomena of external nature dependent on tlic 
conditions of matter, and visible to every one, we adverted to the fact that besides this 
kind of mutual action there is also another and more palpable change produced by 
mechanical violence, aiJft acting at least partially through tlie agciit-y of heat. Earth, 
air, fire, and water, how'ever chemists may rc*g.u*d them, and wliatovcr wo may knn\v of 
their ultimate components, arc thus in one sense%‘iLO elements —for Nature acts by 
them, and with reference to the conditions of matter as involved in their existence. A 
system of movements was next brought mider discussion, which appears to bo going on 
in tho earth’s cnist on a grand scale and requiring the lapse of long periods of lime, and 
it was scon tliat tho vaiious iicriodio changes elfocted, whether diurnally by the (jartir.s 
revolulSon on its axis, and by oceanic and atmosi)heric^tid(^s — ^monthly, according to 
the rclativo actions of the moon and the sun on tho ocean— seasonally, according to 
the position of various parts of the earth i)rcsoiiLed to tho sun— annuall}'’, owing to the 
earth’s revolution round the sun — ^in nuiny years or centuries from recjuiTiiig positions 
of tho planets ; that all tliesc arc but types, as it were, of still greater but also periodical 
changes, of which, in many centuries, only a very small part (jan be recognised. I'Jius 
it appears that inorganic nature is everywhere and always changing — that matter and 
motion arc inseparable ideas. 

And now, lastly, it is evident from the study of the earth’s surface, as well as from 
various phenomena presented immediately beneath tho surface, that the methods at 
present adopted in the distribution of life in horizontal extension arc the same as those 
according to which animals and vegetables have succeeded each other in time. 

Here, as before, the law is the some— the result analogous ; but still tlie lapse of 
time is indicated, tho centuries that have rolled by have stamped their mark upon all 
forms of matter belonging to them ; the period, whatever it may have been, during 
which certain operations were performed, and certain results produced, was indivi- 
dualized— if one may so say — and thas having a cliaActcristic, it may b(j identified and 
distinguished from other periods during which similar but not the some results w-cro 
brought out. 

Thus it is that tho study of Physical Geography leads to a knowledge of the true 
principles of Geology. And the great results of geological investigation are also simple, 
and may bo stated in few words. The materials of the earth’s crust are arranged in 
deiluito order, and they contain the remains of tho animals and vegetables that lived 
during their formation, llcnce wo connect Descrii)tive Geology with the history of the 
earth and its inhabitants. 

In concluding this part of tho subject, it may be advb uulc to recapitulate tho 
general results of investigation concerning the earth as a phuK't. Its form being veiy 
nearly that which would bo assumed by a fluid body, revolving jp space aud subject to 
tho law of gravitation, it has been assumed that the compressed spheroidal shape is an 
argument tending to prove that tho earth w'as originally in a stale of igneous fusion, 
firom which it has cooled down by radiation in passing through a cold medium. No 
one, however, has explained where this lost heat has strayed to. 
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It has been siiggcstod that, sux)posing the whole mass to have first existed in a 
gaseous state, like a tliin mist, in consequence of intense heat, such a gaseous nebula 
would first become fiuid by cooling, and afterwards a film of oxidized material would form 
oH its surladb, which in time contracting, cracking, rc-hardeming, and thickening, might 
become 8uch if film as that we now see. Wliethcr this view may be possible in a 
chemic:.! sense, or whetther there is any good reason to assume it mccliauically, one 
thing sb(!uld not be forgotten— namely, that the shape woidd be equally assumed by 
a solid sphere having as much elasticity as the least clastic of the materials which form 
the earth’s crust. 

That the density of the whole mass of the earth is not vf:ry much greater than the 
density of the surface, has likewise been put forward as an argument in favour of this 
igneous theory of the ciirih’s orfgin ; but here again it must be rciiiLmbcrcd that there 
are many ways of explaining this, as there are also of accounting for an increasing 
temperature within moderate depllis. ITiat there is a very considerable quantity of 
inti'nsely heated matter at no gi’oat distance beneath the surface, and communicating 
readily at distant points, the ihcnomena of cai*tli quakes and volcanoes place beyond a 
doubt, but wdth regard to Ac actual state of the internal michMis there do ndl seem to 
be at }5rc8cut sufficient grounds for coming even to any proximate conclusion. 

The magnetic condition of the earth’s surface, and the rcmaihablc results of recent 
discoveries on this subject, must no doubt have very irapfirtant reference to a lai*gc 
class of phenomena connected with igneous rocks, with tlio numerous veins and fissures 
in them and in adjacent rocks, and with the filling up of these with minerals or metallic 
ores. The manifestly giadual and ^successive natiu’C of this filling of metalliferous 
veins chiefiy in certain directions seems partly accounted for by the nature of the 
currents and their magnetic directions; and if, as is most likely, currents of magnetic 
force ore related to or iwoductivc of changes in temperature, a very important field is 
open for investigation and speculation in a department of* Geology, as well as l^hysical 
Geography, not less interesting than it is practically important. 

This view of the earth as a planet— as a mass of mixed material constantly in 
motion, exposed to various influences, and subject to much intcinal change — sug- 
gests many problems of deep and lasting interest in other dc])artmcnt 3 of science. 
If theso magnetic cnn*ents steadily pass on with never-ceasing motion through the 
whole external crust of the *earth, we arc justified in considering them in their 
relations to the forma of matter in general, and it will he at once seen how important 
these relations may he. Minerals, though not endowed with life, tend to assume definite 
forms; rock masses also assume fonns in some respects similar; minerals, in their 
X^crfcct state,, arc crystals ; and crystals arc the diffci'cnt simple bodies and natuiul 
definite compounds prcscutcd in the shape which they invariably assiune when not 
interfered with by external influences, and poiiuittcd either to become solid or to 
an'angc themselves in their natural order when solid. But the properties of crystals 
are intimately connected with and related to light, heat, electricity in its ordinary 
form, magnetism, and chemical action ; and thus we find the magnetic condition of the 
earth’s crust directly connected with the conditions of matter wi^in the surface. 

In thus venturing to point to the direction in which modem discoveries and modem 
speculations will naturally he directed in order to enlarge the boundaries of general 
loiowlcdgc, we ore by no means departing from the stiact subject-matter to which we ore 
limited. These matters do, all of them, and in the highest sense, belong to Physical 
Geography, and by that science they are understood and applied. Physical Geography 
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inoludos them, consists of them, tlicy form the elements of the most important general 
views on the subject, and they are thus directly connected with the most interesting 
and valuable of the elementary facts on which Geology, as a department of Natiual 
History, is based. No apology is therefore needed for apparently tiavCllhig out bf 
what may seem the direct path of the subject ; os, if the reader can* be iifduced to 
make but a little progress, and consider the subject in the light in which it is here 
placed, he will not complain that it wants interest, or is beyond the comprehension of 
any intelligent and thinking person. 


DESCniPTIVE GEOLOGY. 

Kntxpduction. — When we pass from the consideration of Physical Geography, 
properly so called, and endeavour to picture to ourselves what may be the result of 
those various operations now in progress tending to produce change in the nature or 
appearance of the earth’s ^criist, w'e at once enter on speculations w hich may be called 
geological ; for it is the object of Geology to learn w'hat may have hcien the mode of 
action in pfist time by cvidnico no^v offered concci’niiig present modifications. 

'rho application of Physicid Geography to a study of gc’ological causation is thus 
a short and easy step, and indeed it only involves the additional study of tln» effect jiro- 
duced during long pciiods of time, and the probable ehnngos thus involved, in order 
that wo may enter on the consideration of some of the most interesting geological 
problems. • 

A veiy superficial oxamfnation of the earth’s surface offers sufficient proof that 
there is a certain di'gi’co of order in the arrangement of the materials, and that there 
are indications of system and plan somewhat r(»Hcmbling that periodical rccinrenco 
of days, months, and seasons which mu‘?t have first suggcslod to men tlic investiga- 
tion of the cause and the existence of a law in reference to the heavenly bodies. 
Any intelligent observer discovering order in the arrajigcment of the materials of th<! 
earth’s surface in one place, and comparing it with tho anungoment elsewhere, finds 
that the two do to a certain extent corrcsiiond. In this way it is made out by 
observation, that there arc a number of beds, or similar collections of sand, mud, and 
stone, which, owing to some peculiarity of appearance or contents, ma}' bo identified. 
This is tho first step in Geology, and the knowledge of this fact soon leads to tho more 
strict investigation of tho nature of tho deposits thus noticed, and ultimately brings to 
light a vast multitude of interesting facts, all showing that there is abundant regularity 
in the earth’s structure, and many of them pointing very clearly to some definite order 
and system, which, after a succession of observations, is at length found out to agree 
with some definite' system. As the astronomer deals with space, so docs tho geologist 
with time, and in both sciences multiplied observations add constantly new facts ; the 
contemplation of facts suggests tho existence of laws, and the lirtrs, being once fairly 
made out, are applied to practical purposes. 

Geologyi then, is a science of observation, tho object of which is to investigate tho 
nature and to discover the order of oirangemcnt of the materials of which that port of 
tho surface of tho earth exposed to observation is made up. It has to deal with 
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matters relating to what is generally called the earth’s crust.” It has to determine, 
as far as possible, the complete history of this surface, and should do so by simple 
inductive reasoning, applied to the observed facts, whatever they may he. The first 
thifig to dSne by the geologist is to observe — that is, to acquire a knowledge of the 
true condition of* the earth’s surface ; and this effected, he must endeavour to make out 
by what possible laws or regular processes such a series of appearances might be pro- 
duced, and he must consider how far his observations justify him in assuming systematie 
regularity and a distinct order of recurrence, and how far they involve apparent excep- 
tions to any assumed rules. It is not till he has learnt something of tlic cause as well 
as the effect that he can be in a condition to apply his knowledge to practice ; but 
liaving been thus fur taught, iie will soon find abundance of oppoitunity for rendering 
it useful, whether to the agriculturist or arcliitect, whoscj business lies with soils and 
materials for construction obtained from near the cai*th’s surface, or to the miner whose 
object it is to penetrate its deep recesses for the sake of tho metalliferous mini'rals to be 
obtained by mining processes. 

Hut no such useful results can be obtained by a mere knowledge of what other people 
Iiave found out. Observations must bo looked upon as the food of science — food that 
must bo digested before it is as.*«imilated, and that can only be ultimately available for 
any useful purpose when thus digi'sted and assimilated, for then only is it capable of 
producing new results, and forming an integral part of thc intellectual constitution. 
Thus sill facts must bo classified, understood, and registered Rystematiciilly ; and we 
must have been able to deduce laws from their consideration before we can safely 
apply them to any practical purposes. 

Hut although people generally arc willing to admit the truth of this in cases \s'hcro 
they perceive tho results, and where the hearing of science upon matters of fact lias been 
tj)0 long scon to ha questionable, they arc hy no means so reasonable in the case of a 
pursuit like Geology, which is, to a great extent, new' to Ihcift, and which is oftm looked 
on rather as an amusement than a study. It has thus somclimcs been thought advisable 
to commence by directing attention to results, to show what has he(jn done and what 
may be done fur tho actual benefit of manltind by the knowdedge of geological facts 
and the application of grobgical theory, and to illustrate the importance of the subject 
by exhibiting the intimiitc relation of this science wdlh others of acknowledged value, 
such as Astronomy, Physical Geography, Chemistry, and general Natural History. Some 
of these relations have been ali-eady considered, and others will be alluded to in tho 
following pages ; hut it is needless to go twdee over the same ground, and anticipate 
matter which more fitly finds a place elsewhere. Still it must he admitted, that in order 
to understand Geology, and study it properly, we require to know, first, the general 
condition of tlic earth’s surface, and the operations now going on upon the surface, 
tending to modify or alter it. AVo must know, secondly, the actual nature of the 
matorials or mineral substances which moke up the earth’s crust, and which arc found 
in it, and their relations witli the ciusting surface. We must know, in the thiifi place, 
the mode of arrangement of the materials, the laws that govern that arrangement, and 
the action; of those laws in ancient times ; and, partly in order to recognise the tnic 
nature of sudi laws, partly hccauso such objects arc so commonly present as actually 
to form a very sensible pai't of the solid matter under examination, wo must, in the 
fourth place, learn the true history of those animals and vegetables whose remains 
occur in or form tho beds, and this we must do hy connecting the natural history of 
existing animals and vegetables with Hhat of the groups presented in the way just 
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described. The first of those four departments of Geology has been already discussed 
under the name of Physical Geography ; the second is called hfincrnlogy, and is tlio 
subject of a separate treatise ; the third is Descriptive Geology, in the usual acceptation 
of lliat term, which is now about to occupy our attention ; while the fourtlws/rcqucnily 
spoken of as Palmontology, but must be considered in connection with Descriptive 
Geology, on which it very directly boors. 

Blocks. — In a geological and technical sense all masses of solid matter possessing 
a common character, and any degree of unity as a combined set of materials, arc called 
roehs. In this sense, not only granite, slate, and hard sandstones and linicatoncs, 
but the softest clays and ^cn mud, and the least perfectly aggi-cgated and loosest sands, 
arc all spoken of under the same general term, and are all considered os sufficiently 
designated by it. • 

The forai and method of aggregation differ, however, very greatly, and acbnil 
of a separation of rocks into three classes ; for while we find some manifestly of 
mechanical origin, and bearing all the marks of disposition from water, arranged too 
into bods, as if from intervals or changes in the rate of deposition, others arc as mani- 
festly not rcfemble to such an origin, but have been affected by heat, and some have 
evidently cooled down from igneous fusion. A third class exists, intermediate in 
character between these two; for while the rocks in this case bear marks of 
original aqueous origin, and clearly exhibit proof of having undergone subsequent 
change, in many cases there is no reason for attributing this ehango to the action of 
heat. The first class are called by the geologist aqiteoitft, the second igneous^ and tlie 
third metamorphic, 

Jlocks that arc called igneous generally (’.\hil)it some marks of general uniformity of 
structure without much approach to true stratification or superposition of hesds of similar 
materials. Tlius in gi-anitc we find crystals of quartz, felspar, and j iiica, mingled togothci* 
without a base ; and it is migiifcst that the pi-occss by whicli this anungement of the 
parts took plae.c was to a certain extent chemical and not mechanical, and might be 
accurately repeated at any future time on a mass similaiiy constituted, or any number 
of times on the same mass without change. On the other hand, a series of laitiinm, ibrming 
a distinct bed of any kind, can generally be tiaccd very clearly to the gradual mechanical 
process of deposition, and it is exceedingly unlikely that sueJf a process Hhould be accu- 
rately repeated in all its details, so as to produce a sccohd lime a scjries of strata which 
it would be impossible, on close examination, to mistake for the other. Tliis is Gio case 
even when no organic remains exist by which the bed can bo charactenzed, and in this 
respect there is a wcU-marked difference rarely to be mistaken. We have thus a mani- 
fest ground for tho subdivision of rocks into two classes, determined cliiefiy, if not 
entirely, by tho mechanical arrangement of the particles or the component parts, and 
by tho fact of stratification being distinctly traceable, or tho contrary. The one doss, 
therefore, is called stratified^ the other unstratified. 

But again, there arc two kinds of stratified rocks; for while sometimes the rocks 
remain very much in the condition in which they were deposited, or only altered by 
consolidation, the infiltration of some mineral substance into cavities, or the segrega- 
tion of particles of the same kind, others have received, as it 'vysre, a new internal 
structure, superimposed on and sometimes obscuring, but not obliterating, Uic original 
one, and appearing to indicate that fire os well as water has been an agent in producing 
them. 

We thus have a third class of rocks, mechanically and chemically distinguished 
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from each of thcj other two ; and this third class, amongst which slates of all kinds, 
marble, &c., hold the most prominent jdacc, is colled metamorphic, 

Names of Rocks.— With rcgai-d to the structure of rocks, tlicrc arc some expres- 
sions, connjioaly used in geology, that rciiuirc, perhaps, a word of explanation, ibr- 
p>hyry is one of tJi"*sc. It is a name applied when one of the constituent parts of a rock 
is dissominated through a basis in the form of^^ains or crystals. In those eases, 
however, ill which the crystJils or grains do not appear to he of contemporaneous oiigin 
with the base, the name porphyry is not properly applied. Sucli rooks arc conglomerates^ 
ov gnnlding-stoms, Amygdahul is another term in common use in geology, and is used 
to designate rocks in which vesicuhir, almond-shaped eavities f.re di.sp<jrscd throughout, 
these cavities being oilher empty, encrusted, half filled, or completely filled. The 
minerals that usually occur in thUjC ve.sielcs arc lithomarge, zeolite, chalcedony, agate, 
heavy spar, or calc spar. 

Stzuctuire.— The structure fonued by tlic immediate aggregation of different s]>ceics 
of minerals in grains and imperfect crystals, and without a definite base, is sometimes 
spoken of as poiphyritic, but has also been callt'd gi-anular. 

Granite is an example of this slnicturo, but when, as happems occasionally, large 
and distinct crystals, whether of quaitz, fdspar, or mica, are distributed through 
granitic ro(!k.s, they become poipliyrics. 

Slaty structure cliflcrs from stratification, and i.-« the result uf causes that have affectc'd 
rocks since their d(.|X).sition, ami even since th('ir consolidation. True slaty sti-uetiiro 
is only exhibited wlieixj the plienoimmon of ti’ansvcrso cleavage is present, and this 
phcnoJiienou of cleavage may be defined as an aiTangonicnt of the ultimate particles of 
sm argillaceous or (day rock in planes parallel to one another, without any reference 
to original bedding, and so ibat the resulting rock is infinitely di'^dsiblc in the direction 
of the cleavage planes. 

Ih’sidcs the ordinary phenomena of bedding and lamination observable in motamor- 
pliosed masses, as widl as those merely stratified, and manifestly of aqueous origin, thcri^ 
are others regarded as stratified, in which there ai’c no very distinct marks of lamina- 
tion in each particular mass or seam, but the scams or layers are rcgidai-ly superimposed. 
AVo may thus have igneous and unstratified rocks, such as basalt (a form of lava), and 
even poiphyiy, interstratilied, altbough of tlicmsclvca they have no lamination; and 
eompaet masses of limestone, formed perhai)s by organized beings, and therefore not 
arranged in the distinct subordinate beds, arc yet strata in the whole group. 

Position of Vnstsatified Rocks.-— Generally speaking, the unstratified* i-ocks 
arc found rising up, and forced through, or else distinctly subordinate in position to 
those which are stratified. Thus granite, forming sometimes the axis of mountain chains, 
is also forced ilp in dome-shaped masses, bringing up the lowest of the aqueous series, 
or the mctaiuorphie rocks wrapping round its diouldcrs. Other igneous rocks of great 
extent are similai-ly placed. Sometimes, as already mentioned, these rocks alternate 
in distinct bauds with the stratified series, but chiefly with the lowest of them, and 
wherever we can examine the igneous group, there is always more or less immediately 
a communication witli a more considcr.rblc moss of the same kind extending downward 
into the depths of the earth. Sometimes, it is true, we find an overspreading mass, 
like lava, penetrating downwards into cracks and crevices in the stratified rocks, on 
which it seems to have been poured out in a melting state, but this mass is^ connected 
with some crevices of larger dimensions, through which it has been ejected from 
beneath. By observing carefully the instances of this kind in mountain and other dis- 
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tiicts where bucU phcxiomcaa occur, we como at length to the conclusion that there are 
t\\^ conditions of igneous rock, and that the one which is by far the most widely spread 
and important, appears to form the fundamental basis on which all stratified \ilti- 
matcly rest, while the other is the accidental result of somo local 
of which this matter, in a molted state, has been from time to timd agitated, ^Niii^d, 
and forced out by subterraneous fonSiB, interfering ivith the regular overlying' swes, 
and forming a series of phenomena of secondary importance, because exceptmal* 
Generally, therefore, rocks of mechanical or aqueous origin (in other words, stratified 
rocks) arc superimposed on a basis of igntous rock, wliich has occasionally disrupted 
and penetrated them, or Vhich, owing to somo deeply seated cause within the coitli’s 
cnist, has been forced up through them in a molted state, and in that ease often seems 
‘ to overlie them. • 

It also appeal's from this, that if, as we suppose, the underlying igneous rock has 
been exposed to, or constantly iircsci-vos a high temperature, tho mechanical rocks of 
aqueous origin in immediate contact may well have undergone some chougo in conse- 
quence, and have assumed for this reason tlicir mctamorphic character. 

Ign&ous Hocks. — ^Lct us conudor now tho natme of those rocks which exhibit 
marks of igneous origin ; and, in the first place, those which appear to form tho solid 
iVamowork of the globe, which are tlic nuclei of mountain-chains, and below which we 
know of no rocks whatevdr. 

Granite, S3'cnitc, protoginc, &c., poiqiliyi'y of all kinds, gi-ecnstonc, serpenime, 

dloUagc rock, quartz 
rock, and othci's, must 
bo conshlercd as be- 
longing to this group. 
They are aU of che- 
mical, not mechani- 
cal formation ; they 
arc usually unstrati- 
fied, and for the most 
pari crystalline ; they 
never contain any 
trace of organization ; 
they often exhibit 
jointed structure, be- 
ing scxiarablo readily 
into cubical or pris- 
matic masses ; and 
they are frequently 
f raversed by rents or 
fissures (called dykes 
and mineral veins) 

of variable dimensions, but exhibiting a great regularity in tliuir general direction, 
and usually filled either entirely or pajkially with simple miners and mctalhc ores. 
That many of these rocks have existed at one period in a state of igneous fusion 
has been generally assumed of late years, owing to the fact that irregular cracks and 
crevices in the adjacent rocks ore filled with minerals, either adapted accurately 

to their shape, or else passing into them like a wedge, altering them at the same time, 



OBANITIC VZZIVS IN OaAXITX. 


INORGANIC NATURE.— No. II. 


50 


GEANITE. 


as if by the octioii of heat. An illustration of this appearance is seen in the annexed 
cut. 

Granite, Syenite, and protoginc form, on the whole, the most important, the most 
widely cxtcjdgd) and the most interesting group of unstratificd igneous rocks. 
Thoy all o&r the juime general characters, consisting of crystals more or less perfect, of 
quartz and felspar, mixed either with mica to form true granite, with hornblende, as in 
Syemte, or with talc, as in protogine. The granite of Egypt offi^rs the best example 
of the former yaxiety — ^that of Mont Blanc of the latter; 'while abundant examples of 
time granite are common in our own counigy, as well in Cornwall os in many parts 
of Scotland:* • 

Generally speaking, of the component parts of granitic rock, felspar is the most 
abundant, and quartz the next in erdcr. In somo yoricties, indf'od, one of tho ingre- 
dients is wanting ; but these are exceptions. 

The magnitude of the constituent parts yaries exceedingly, the crystals measuring 
from seyoral cubic inches to very minute grains. Tho colour also yaries yery considerably, 
being chiefly goyemed by the felspar, which also determines, on the whole, the con- 
dition and appearance of the rock, since, when that is apt to decompose, tho wh(fle mass 
is of comparatively loose toxturo, and falls asunder on exposure. It is important, 
therefore, to examine the condition of the exposed pieces of this mineral before selecting 
granite for any economical purposes. « 

The structure of granite is often sufficiently remarkable, being more or less 
distinctly concentric, and on a large scale presenting an appearance greatly resembling 
stratifleation, entirely from this cause. It has been conjectured by M. Yon Buch that 
the granito has been sometimes elevated in a viscous state, like a bubble of thick paste, 
the plastic condition being due to the action of heat. Formed thus into a dome or bell- 
shaped mountain mass, and left to cool, the surface is assumed to have cracked and split 
iu all directions, leaving a vast multitude of blockB,.most of {hem detached and partially 
weather-worn by long exposure, but yet retaining' so well the general outline, that at 
a distance tho rounded and smooth contour only is rocognisod, and their innumerable 
roughnesses lost sight of. 

Besides this concentric structure, granito is not unfraquentiv cdumnar, and some- 
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tSiwis tabular. 
TMesavaneties 
q£ nmobanical 
condition and 
stancture ap- 
pear to be the 
result of a slow 
though certain 
rate of cool- 
ing which has 
produced a ten- 
dency to crys- 
talline ar- 
rangement on 


a large scale. Tho decomposition of granite is also often productive of curious and 
groto^ue forms— (see cut). 

Somo valuable metalliferous ores arc found in granite veins, and they occur still more 
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commonly where ycins travorsiiig other rocks arc continued into granite. Oxide of 
tin and native gold are especially remarkable in relation to this rock. 

Granitic rocks not unfrequently form the aiguilles^ or lofty needle-shaped peaks of 
liigTi mountain districts. This, at least, is tho case in the Old World, vriieirc the Alps 
the Caucasus, tho Altai, and tho Himalaya mountains all exhibit tho «amc appearance 
owing to the same cause ; but in South America the gronito is more commonly seen on 
the lower heights, probably because of the volcanic origin of a large number of the 
rocks of that country, and tho recent elevation of the great mountain-chains. 

The distribution of granitic rocks upon the earth’s surface is occasionnlly unaccom- 
panied by any marks of*violcnce, such as the uplifting and dislocation of strata. In 
cases of this kind the stratified rocks — any such have been deposited— have been 
subsequently removed by denudation. Very extensfire tracts of this rock are said to 
occupy the country between the coast range and the Mountains of the Moon in Africa, 
and many ports in the south of the same great contment. It forms the centre of tlic 
Caucasus, and a considerable portion of tho TJralian, Altain, and Himalayan chains in 
Asia ; and in Europe the principal chain of Scandinavia and Finland, the mountain- 
chains. \o the north-east, north, ajid west of Bohemia, tho Carpathians, Alps, and 
Pyrenees, tho Grampians in Scotland, tho Moume Mountains in Ireland, and the 
Malvcms and somo other small ridges and domes in England. 

Granite and granitic fecks dificring only from porphyry in the state of aggregation 
of tho parts, it might naturally be expected that passages should occur from ono into 
the other state. It is indeed probable that many of the changes of appearance which 
are thus denoted by distinct names, because the condition of tiic minerals is different, 
owe their modifications of form merely to some variations in the rate of cooling down 
fn)m igneous fusion, and this indeed is evident from tho fact that, in tho course of tho 
same vein, and in different parts of tlie same injected mass, wo have these varieties 
exemplified. • 

Porphyritic rocks, however, form a group, or rather a number of groups, in which the 
presence of imbedded crystals in a base is a very constant cbaractoristic. In these cases 
the crystals arc usually quartz and felspar, and the base sometimes claystone, sometimes 
homstonc, and sometimes compact felspar. Porphyry is sometimes stratified, alternat- 
ing with distinct sfrata of mechanical rocks ; but it is much more commonly massive, 
and in that state is often traversed by rich mineral v(‘tns. The most valuable mines of 
Mexico occur in Sycnitic porphyry ; the mines of Hungary, also of great value, arc 
situated in tho same kind of rock, and many other celebrated mining localities arc 
similarly placed. Porphyry is very widely distributed, allbougb not so widely as 
granite. It abdunds ohiofiy in some diatricts in Upper Egypt, in Sweden, in Siberia, 
and in North and South America. Some of the porphyritic rocks contain cavities oft( n 
partially or entirely fiUed with simple minerals. These ore called amygdaloidol rocks, 
from the almond shape of the vesicular cavities. 

Greenstone is often porphyritic, consisting in that case of hornblende united with 
felspar. Common g^enstono is a granular aggregate of hornblende and felspar, and 
may be called porphyritic when, large crystals of felspar arc also present and disseminated. 
When the crystals form part of tho granular base, the mixture becomes greenstone 
porphyry^ tho black porphyry of the ancients. Green porphyry is a name given to the 
compound when the granular basis is not visible to the naked eye, and the rock is uniform 
and simple, of a blackish green colour, and including crj^stals of compact felspar. 

These rocks occur abundantly in Scotland occasionally bedded with clay slate and 
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mica slate. They also abound in Norway, Saxony, Bohemia, Silesia, Thuringia, 
Hungary, and the Swiss and Savoy Alps. In the Isle of Skye and elsewhere the 
greenstone contains hypcrsthcnc, and is thus called JTyperstJime greenstone. 

Herpentitfe %r Ophiolite is an ornamental stone, sometimes described as a simple 
mineral, but more properly considered amongst rock formations. It is of a green colour, 
soft, rather greasy to the touch, and frequently contains imbedded minerals, chiefly 
magnesian and siliceous. Besides the iron that enters into its composition as a mineral, 
this rock generally contains some ores of the same metal, suc'h as magnetic iron ore, 
chromate of iron, &c., and on exposure and the consequent oxidation, the surface of the 
rock is apt to decompose into a yellowish earth ; but as it rcsi^ the weather far more 
than the gneiss and other rocks with which it is usually associated, peaks and little 
domes of it are not unfrcqucntly scon rising above tlic siufacc in districts where it 
abounds. 

Like other magnesian rocks, scipcntine is very inimical to vegetation, and may bo 
known by the bare, bleak, naked appearance and sombre colour of its surface. It is 
aliimdaut in the Alps, in bods of enormous thickness. It is also found in Cornwall, in Scot- 
land, in most of the mountain districts of Europe and North jVmerica, and in jl^loxipo. 

A mixture of serpentine with limestone forms the rare and beautiful verde-anfico of 
the ancients. 

IHallagc Jtoch is nearly allied to serpentine, and is composed pnncipaLly of felspar 
and diallage. Jt is frequently traversed by veins of diallage and of various magnesian 
minerals. It is abundant in serpentine districts. 

TiachTtic Rocks.—AVc have hitherto been considering the vaiioua rocks of 
igneous origin, without reference to their position in any order of arrangement that may 
])c adopted, and have confined ourselves to those which exhibit felspatliic and huni- 
blcndic characteristics. Eelspar, indeed, abounds in almost all rocks of this kind, in the 
oldest granites as well as the most modem lavas ; hut in the latter ease, and in wliat 
may be called volcanic rocks generally, as distinguished from the group of underlying 
igneous rocks, the fonn assumed by felspar connects it with the rock called trachyte^ 
under -whieh name is included a very important group, distinct from the basalts, and 
occupying about the same position in modern rocks that granites and porphyries do in 
those of more ancient date. ^ 

Simple trachyte is a true fclspathic rock, generally of a gray colour, very coarse, 
rough and sharp to the touch, and apt to disintegrate on exposure to the weather. It is 
sometimes used as a building stone, but is not good for tliis purpose ; an instance of 
which may he seen in the stone originally used for Cologne Cathedral, obtained from 
behind the Drachcnfcls on the Rhine, vrhich is already so much decomposed that much 
of it has been removed daring the recent restorations of the cathedrol. Trachyte is 
generally porphyritic, containing crystals of felspar, hornblende, augite mica, iron glance, 
and occasionally quartz. Pitchstonc and pumice are varieties of trachyte ; and trachytic 
porphyry, in which numerous crystals arc imbedded in a trachytic base, is also not 
uncommon. Besides the ordinary and more compact forms of trachyte, the same 
mineral.^ very often found in pulverulent masses forming tuff or txifa^ in the manufac- 
ture of iij^idic cemeitt. 

Traci^c rocks, when they contain a large admixture of hornblende and angito, but 
in which these minerals do not actually preponderate, have been called greystone^ and 
those in the volcanic scries seem to correspond to the Syenites and greenstones of the 
underlying series. Hornblende and augite, which exhibit themselves under an almost 
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infinito variety of form and circumstance, and whieH have been determined to be but 
dilfercnt forms assumed by the same mineral, o^ymg to diiforenccs of the rate uf cooling, 
arc the most important ingredients of tlicsc rocks, and present a ready means for 
establishing a classification of them. They appear to be formed undcr%cs*tiiin eiivuni- 
stanccs during the cooling of igneous rocks, and offer near apprcfdmatibns to some 
artificial products, tho result of artificial heat. 

Basaltic Bocks.-^Besidcs tlio rocks distinctly and properly trachytic, and tho 
greystoncs or hornblcndic and augiiic trachytes, there is a third, a very large and 
important class, in which hornblende, augitc, h}^crsthcne, diallagc, and a gi'oiip of 
minerals having many important characters in common, either predominate very greatly 
over tho felspar, or absolutely exclude it. These form the group of basalts and basaltic 
rocks, rocks familiarly spoken of by all geologists, tocurring in every geological forma- 
tion, and formed even at the x>rescnt day, but presenting themselves under various 
aspects, and appearing in erupted beds, in huge columnar masses, and in veins and 
dykes of all degrees of magnitude. 

Basalt is a rock of great importance in reference to geology, and its presence may 
gener^y be considered to point to the former existence of active volcanoes, and tho 
cniption of rock in a state of igneous fusion. Basalt is lava erupted at a time anterior 
to the existing epoch, and often probably undtT water, and therefore oflcn, no doubt, 
exposed to conditions different from tliose which affect modern lava poured out on tho 
earth's surface. 

IMany of the basaltic rocks having been found to exist in steps, furniing a succession 
of t(jn-acea, resulting from tho way in wliich they were thrown out upon the surface 
or beneath the sea, have received tho name of trap rocks^ from tlio Swedish word 
iiHqypay a stair or step, and arc now commonly so designated by geologists. Under the 
general name of traj) rock is included tlic whole tribe of basalts, and indeed all tlioso 
rocks of voleanicj origin ciuptcd like lava, and in any sense intrusive. 

Basaltic rocks arc not less widely distributed than granitic rocks and porphyries, 
and like tlicse they occur in two forms, either sx)rcad out upon the surface, or filling up 
cracks and fissures in the stratified and other rocks wliich they penetrate. They are 
generally of on iron gray colour, approaching to black, and often contain various 
imbedded minerals, sometimes in cavities and sometimes disseminated. Crystals of 
olivine arc especially common in certain kinds of balalts, and replace tho felspar of the 
older rocks. The texture of basalt is often tough and hard; it has a good conchoidal 
fracture, and often a sort of scmi-crystallinc structure, and is very liable to superficial 
decomposition, becoming then of a rusty browTi colour, and forming an admirable 
vegetable soil. In structure it is very firequcutly columnai', owjng, it would seem, 
rather to a tendency to fonn sx)hcrical concretions in cooling than to any more complete 
crystalline arrangement into prisms. Some very remarkable examples of this structure 
characterize tho basalt of Giant’s Causeway, of the Isle of Staffs, and other spots in tho 
north of Ireland and tho western islands of Scotland ; and similar appearances may 
be observed in bcfsaltic rocks on the Ehine, near tho Siebengebirge, and in central 
France. The grotto of cheeses, in tlio Eifcl (see cut), affords a good example of this 
structure. * . 

Besides these localities, there arc several others, not only in Europe, but cSOs^Iiero in 
various parts of tho world, in which may bo traced the marks of volcanoes either actually 
now vomiting forth fire and lava, or at present extinct, but leaving abundant evidence 
of their former existence. 
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Basaltic rocks are not confined to the siirfaco or to geological cpoclis actually or 
comparatively recent, but arc met with also in the older rocks, sometimeB regularly 

bedded, and sometimes forming 
mountain mosses. Perhaps the 
largest and most unduly sxu'cad of 
all these is that roinarkablc table 
land occupying an important part 
of central India, but a very exten- 
sive district in South Africa is also 
capped in*thc same manner. It is 
not unlikidy that in most eases in 
which the basalt is widely spread 
it has been poured out beneath the 


It appears, then, on whole, 

that whatever may be the witli 

cncESK QEOTTO IN THR EiFKL. rcgaid to rocks manifestly Gl|*^uc- 

ous origin, w^hioh wo have not yet 


tiiken into the account, there is good evidence of the existence of another very distinct 
series, which may possibly be of great age even in its present form, but concerning 
which, as the masses of which it is made up owe their mode of aggregation to chemical 
and not mechanical agency, no definite age can be ascertained from their appearance 
and mineral condition only. 

It also appears, that in addition to an interesting and very remarkable series of 
such rocks, known by the names of granite, poiphyry, greenstone, and others, not at 
all resembling recent volcanic products, hut yet crystalline, and manifestly of igneous 
origin, there is another class, those called trap rocks and l^asolt, which appear to be 
of volcanic origin, and which, instead of originally forming part of the solid framework 
of tho earth, have burst through this framework and the beds resting upon it, and 
coming up in a molhm condition, have spread themselves out upon the surface. These, 
therefore, even if occasionally bedded, arc yet, in strict sense, intrusive. These two 
gi’oat classes of igneous rocks, while they exhibit many points in common, aro yet very 
distinct, and they ofibr much important matter for consideration, if we desire to inves- 
tigate the cause of the difference that exists between rocks whoso mineral ingredients 
and state of aggregation arc so similar. 

Ketamoxphic Rocks.— It is one of the proofs of the true igneous origin of theso 
rocks, thqt when they have come in contact with others manifestly of aqueous and 
mechanical origin, they have alter'd them as by the action of intense heat. It is there- 
fore not surprising that there should he whole classes of roclis immediately adjacent to 
the great underlying masses of granite, porphyry, &c., partaking of this character of 
change, and affected by the vicinity of so much heated matter. 

Neither can we bo astonished when wo find that these rocks so affected often exhibit 
very striking resemblances to tbo igneous rocks they approach, for there can he no 
rcjisonablo doubt that they were derived immediately and directly from them, and wero 
notliing more originally than broken fragments re-arranged into beds or layers by tho 
action of water. Thus there is no violent transition when we pass irom the examina- 
tion of granite, where quartz, felspar, and mica arc chemically arranged, to gneiss, where 
tho same minerals arc arranged mechanically ; and wo need not wonder if, during the 
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deposit of these water-worn fragments, the particles of felspar should have been some- 
times carried on, leaving the heavier ones of quartz and mica behind to boconio 
tnica schist, and form a separate and distinct deposit; or that the minute poundi'd 
fragments carried to the greatest distance shoidd have been ultimately thrown down 
as fine mud, which afterwards, in the course of time, btTamc slatp. In this 
way we can account for the existence of the throe groat classes of stratified niela- 
morphic rocks, which, -whUe they arc evidently mcoliaiiical, are no less evidently 
changed from their original condition, some more and sonic less, hut which, thouj^ii 
thus ohanged, boar mai’ka of their original condition no loss than of their subsequent 
modifications. 

The locks called mctamorphic arc of two kinc^s, stratified and imslTatified. I'ln* 
latter include quartz rock, and perfoctly crysUillino limestones or marble ; the former 
arc generally considered as forming three gnm])s, designated by the terms giudss, miea 
slate, and clay slate. Other roclcs of the same character, and differing in appi'aranee, 
may deserve a few ivords of separate desciiidion;biit these, in point of fiitif., are tlie 
varietjps with 'which it is chiefly requisite to bo acquainted. 

^^iss, as has been already said, is a rook, of wdiich the inatoiiuls arc quartz, fidspar, 
and mica — the same, there- 
fore, as those of which gra- 
nite is compounded; but 
those materials arc annuged 
in distinct layers, as wo 
might imagine woidd • bo 
the ease if the granite were 
ground down to fragments, 
and then re-composed into 
a stratified rock, after being;- convoyed for a greater or less distance by water. 

But gneiss is not merely a rc-constructed granite. It has hccii since changed and 
consolidated into a compact rock. It has been sometimes split and fissured in vai'ious 
directions, and these fissures have often been filled witli granite veins, while occasion- 
ally the gneiss is not at aU loss cry.stallinc than true granite itself, but passes by 
insensible gradations into the latter, losing, ns it appjpachcs this slate, aU appearance of 
stratification, so slowly that it is very difiicult to mai'k accurately the point of ahsoluto 
transition. 



As however gneiss passes downwards in this "way into' granite, so docs it pass 
upwards by a schistose and less perfectly consolidated state into mica slate. 

Gneiss and all the other mctamorphic roc^ks have frequently nndorgono groat changes 
in consequence of mechanical violence, and the most singular contortions have somc- 
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times boon produced in rocks of this kind, appa- 
rently by violent squeezing. In some parts of tho 
western islands of Scotland very remarkable in- 
stances of this may bo sei n, and have been well 
described by Dr. M‘Culloch. 

Gneiss is often found wrspiiing round tho central 
granitic axis of mountain chains. In these eases 
it has manifestly undergone elevation with tho 


granite, and has been greatly acted on during this process. 

Idfioa slate or schist, which, next to gneiss, is among the most abundant of the meta* 
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moiphic rocks, consists apparently of decomposed granite, from which the felspar has been 
removed. It is more slaty than gneiss, mica being the predominant mineral, and the quartz 
is often arranged in thin lenticular masses interposed between the mica, or is formed 
into thicker *beds, with a more or less abundant distribution of mica. When the mica 
is altogether ab^nt, there is nothing left but quartz rock. Mica schist posses, as already 
observed, from gneiss, in some eases the gneiss having been, as it were, an intervening 
step in the process of deposition. It occasionally happens that altliough the mica is 
absent, it is replaced either by talc or by chlorite. Alira schist is far less abundant 
than gneiss in Scotland, but abounds in the north-west and w’cst of Ireland, where 
much of the peculiar character of the scenery is dei ived fronf the presence of tliis rock. 
It is not unusual to find minerals of various kinds distributed in mi» a slate, amongst 
which may bo mentioned garneti? toumialine, schorl, chiastolite, and eyanite, as well 
as emerald, besides some ores of metals. Many instances are also known of beds of 
granular limestone and dolomite, of quartz rock, and of iron ore, being also iiresent in 
rocks of this kind. 

Mica schist is always distinctly bedded, but the strata are frequently mj^ch con- 
torted. .Although it is 
most usual to dnd this 

rock intermediate be- \ 

tween gneiss and cla}' I 

slate, this is by no v « i ^ 

means alw'ays the case, 

and it is very widely 

distiibuted throughout 

the earth without reference to the other great classes of metamorphic rocks. 

Clay slate is not less distinctive and not less i)erfectly characterized as a metamor- 
l)hic rock than any of those w’C have hitherto consid(;red? It is, however, decidedly 
fosailiferous in many cases, and thus occupies a double place, requiring to be alluded to 
in its metamorphic character now, and after^vards appearing among the rocks regularly 
stratified and of various geological epochs. 

The common appearance and general character of clay slate arc well seen in the finer 
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and more perfect specimens, selected on account of their fine gi*ain and perfect cleavage, 
and used for roofing houses and* various cctmomical purposes. Slate varies, however, 
from this condition to a much coarser variety, containing few evident marlcs of slat)' 
structure, and being far^morc siliceous and gritty. It resembles indurated clay or shale, 
and consists of nearly fifty per cent, of silica with about twenty-five of alumina, mLved 
with a variable quantity of oxide of iron, magnesia, potash, and carbon. In the state 
in which it generally occurs, tho particles have undergone change and rc-arrangemenl 
of position since the whole mass was deposited, and them Ls good evidence to prove 
that laJlgB mosses have been disturbed, and even compressed and contorted by the intru- 
sion of other rocks, being often elevated into mountain masses flanking igneous 
rocks, whilst tl\e beds arc frequently inclined at high angles, os may be seen in many 
districts of Wales, Cumberland and Westmoreland, Devon, Cornwall, Ireland, 
Scotland, and many (^hcr ports of the world. 

This ro-arrongement of tho particles after consolidation and even oftcMubscqucnt 
disturbance is a very remarkable fact, and one which renders it necessary to call in the 
aid of the metomoiphism as the only means of explanation. 

In North Wales it is no unusual thing to see slates in which the original linos of 
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bedding arc perfectly manifest by tlie fossils observed at tbo partings. Tliosc lines are 
now contorted and twisted in tbo strangest, most complicated, and most grotesque 
manner, and a diagram can scarcely do justice to the extent of tliis complication. But 
tiic same beds of clay, which, after being first quietly deposited as mud at tha bottom of 
the sea, have afterwards become consolidated, and then by violent* squeezing and 
clovatory force liave been removed from their original position, and made to exhibit 
the appearances above described, arc yet smooth, regular, and uniform, for they will 
split readily into infinitely thin laminm parallel to one another ; they will also soparati' 
into cubical masses of certain definite size, and they wiU present this structure in 
precisely the same way,® and over a great extent of country, without the slightest 
reference to what may he called the accidents of the bed, and appai’ontly obeying only 
some law concerning which we know very little, bflt according to whose action the 
internal particles of bodies in a solid state change tludr i)osition relatively to one 
another, and so far alter the character of the rocks as to justify the application of the 
term mctamorphic. 

The j)hcnomena just described arc called as afrcelingthc intimate structure 

of the mass, and not merely its external form. The cftects produced arc reducible to 
two, cleavage and jointed structure — ^tbis latter being, in fact, imperfect crystalline 
stnicfiire. 

The condition of clerf\'agof'ii^‘ always worthy of notice when occurring in rock 
masses; hut where there is no other indication of crystalline stnicturc, and the mineral 
is one 'which, like clay or aluminous cailh mixed with silica, has no rc'gular crystalliuo 
form, this condition is the more singular. It is not h'ss remaTkahlc to find that rock 
masses are affected by tbis peculiarity in a uniform manner over wide spaces ; that 
the action has gone on regardless of any change in the nature of iho mineral ; and even 
if for a space intermitted, in consequence of the presence of some rock 'which cannot 
exhibit this appearance, sucli as the purer bandstoncs and quartz rock, it yet takes on 
again at a liltlc distance, preserving the sumo direcjtion and strictly parallel to itself. 

True slaty cleavage is generally transverse to the bedding, and often in the direction 
of theotrike. It partially hut not (‘ntirely obliterates time bedding, but it docs so by no 
'^cry iriarkcd inlt'rfi'renec ; and if fossils arc present, although they arc cut across and 
intersected by the cleavage plane?, the indications of organic cxistcrfcc still remain, 
and give the best of all evidence with regard to tile direction and position of the 
beds. 

Jointed stnicturc is quite distinct from cleavage, its tendency being to induce the 
separation of a rock into cubical mosses, by cracks parallel to ono another at certain 
distances and in the same direction. In most mountain masses, whether crystalline or 
not, ill granite, in limestone, even in sandstone and coal, there may he found— and 
this is well known to quarrymen — certain facilities for working in ono direction 
rather than another. Various technical expressions arc used to denote this, but 
no fact is more universal ; and the direction, when taken by the compass, is often 
found to have a well-marked relation to 'magnetic north and south. Of course, in order 
to produce cubical or columnai' structure, there must bo two sets of joints, making con- 
siderable angles one with another, but such is the case in almost 411 rocks. 

There still two kinds of metamorphic rock not hitherto alluded to— namely, 
metamorphic limestone or crystalline marble, and metamorphic sandstone or quartz 
rock. Both ‘these substances are occasionally met with in veins in other metamorphic 
rocks, ft'nd both must bo distinguished from the products of segregatiou ; partied of 
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tho same kind, when combined with other mineral substances, under certain con- 
ditions, haying a tendency to separate and group themselves together in veins or 
cavities. 

• CrystnUSno mctamorphic limestones are always granular in their stru(;turc, and 
the peculiar appearance thus characterized will be understood by comparing a piece of 
marble with a fragment of limestone. All the hne kinds of marble arc of this kind, 
and are generally found in tho vicinity of igneous rock. 

Quartz rock, or mctamoi'phic sandstone, is also granular, and is distinguished 
without difficulty as well by its appearance as by its geological position from any rocks 
for which it might bo mistaken. 

Diatzibution of BUetamozphic 8.ocka.— Having said so uoich w'ith regard to 
tho general appearance and natUro of mctamorihic rocks as niincrullj we have now to 
allude to their distribution, and to the geological phenomena connected w'ith their 
presence. 

As a group, they arc very widely distributed, very dosely rdated both to the 
underlying igneous and the overlying aqueous rochs, singularly alike in man^j’ respects 
over very extensive districts, and at vast intervals ; and often covered up superficially, 
by a great thickness of other rocks, apparently partaking of the character of universal 
formations. PVom all lids it might be imagined that they were contemporaneous, or 
nearly so — that they form a vast mantle, spfoliding fir andVidc, and of much greater 
antiquity than any of those stratified fossiliferous rocks w’hich in most countries are 
found upon the surface, in the plains, and in the valleys. But such a conclusion would 
bo premature and very unphilosophical. ‘Whenever, indeed, we find fossiliferous stra- 
tified rocks resting upon metamoqihic rocks, and these again reposing on granite, the 
relative age is dearly exldbited, hut only the relative age, and the mctamorphic and 
igneous rocks may manifestly have been brought into their present condition at any 
period between the first creation of the earth and the deposit of tlic lowest unaltered 
rock. As an example of this, we may take an instance occurring in the Alps, where 
a true clay slate rests upon granitic rock, but there is dijtinct evidence from fossils that 
the slate is a vciy recent rock, geologically speaking. The slates of Wales, on the other 
hand, which hardly differ geologically, arc among the oldest strata of which we have 
any knowledge, and most imquostionably were brought into their slaty condition millions 
of ages before tho others were deposited as mud. 

Tho igneous and mctamorphic strata of one district, therefore, may be of very 
different ages from those of another, however closely there may bo a resemblance of 
mineral struotui'c. Chemical action may liave been going on at gi’cat depths beneath 
the surface continuously during tho wliole of the carih’s history, and may be still going 
on ; so that the undulatoiy movements of the earth's superficial crust may have been 
the means of bringing successively under the influence of heat those substances depo- 
sited from suspension in w'ater, and may perhaps alter them, first rendering them 
mctamoiphic, and afterwards converting them into igneous rocks. 

AqueouB Rocka.— Having now considered the nature of those rocks which fonn 
the actiial skeleton and framework of the earth, and below which we cannot expect to 
find any indications mechanical origin, and having also discussed the nature of that 
class immediately resting upon these, and often greatly altered by their contact, we 
pass on to describe that vast group of stratified fossiliferous rodm which form tho 
great object of investigation in Geology, by which alone we obtain a distinct know- 
ledge of succession and of the earth's history, and which, in the information of this 
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kind which they communicate, arc equally remarkable for their vast variety, their 
great thickness, and their abundant and characteristic organic remains. 

The first inquiry made by an observer anxious to obtain and render available a 
knowledge of this subject, will almost nccessai-ily bo— what arc the Rubdh«isions add 
the characteristics of the different gi’oups of those rocks ? — what principle of classifica- 
tion is followed, and how far is this principle a natural one, or merely found('d ni)on 
accidental or unimportant characters ? As a gciuiral answer to all such inquiries, i< 
is as well to say at once that the principle of classification in Geology is natural; tha: 
it is founded upon exceedingly important and very striking characters ; that it i ; 
strictly real, but that it often presents great difiiciiltit's when a])pliod in detail ; that, 
it requires all the accurate and minute kuon hidge of the cxporicncrd naturalist 1o 
avoid errors in its application. In order to explain the nature and value of tliis method, 
it will bo necessary first to consider what kin<ls of arrangement arc possible, and tbe 
relative value of each. 

It is true that since the various aqueous deposits exhibit some diflcrcnccs of mineral 
compositjpn, and some peculiarities in their state of aggregation whc;n examined in 
particular districts, the mere determination of the fact that sandstones, limestones, and 
clays were grouped in a certain manner, would bo something gained. But this, after all, 
advances us but a small st^ ; and when we examine rocks in their places, it will soon be 
found that sucdi distinctions, however clearly established in one district, do not help us 
at all in' another at no great distance. More mineral characters of •this kind arc there- 
fore practically of little value, and although in the earlier days of Geology the student 
was led to suppose that certain strata, such as red marl, grauwaike, and others wcj'f' 
universal, and that limestones or sandstones might be determined at once to belong to 
a certain age by their appearance and crystallization, no one now would venturi*, 
without good local knowledge and familiar acquaintance with the subject by other and 
more accurate means, even to suggest the position of a rock by its mere mineral and 
lithological character. 

But if mere mineral-character of itself has little value, it may still he imagined that, 
combined witli local knowledge, and asristed by a knowledge of the general super- 
position of strata, it might enable ns to group together certain strata. No doubt this is 
partially tho ease ; and there are some rocks which, when once determined by other 
moans, arc very easily recognised. But to identify a rock found in a new country is never 
safe, if we arc guided only by its resemblance to a similar rock in a district we an* 
already acquainted with. The rcsemhlanco may suggest a place for the specimen, hut 
it cannot enable us to assort positively that such is its place. 

In any given spot the order of superposition is a matter of gi-cat importance U 
determine, and the nature of the alternations of limestone, sandstones, and clay.s of 
various kinds, will often exhibit a certain definite system, wliich it is of no little vahi'; 
to know. But this is not sufficient to enable us to airivc at any distinct and us(;fiil 
geological conclusions; for if wo examine and make out Muth perfect dlstinctnes?, 
according to this method, the exact order of superposition in one district, we are not 
necessarily led to a true identification, with another district, unless we can actually 
connect the two by sections. . , • 

FobsUb.— T here is, howe^, another characteristic of the rocks we are now 
considering, and it is one which relates to their contents rather than immediately to 
themselves ; but which, insuifieient as it would seem for classification to those who first 
examined these contents, is, in point of fact, when combined with the others, perfectly 



GO 


NATURE OF FOSSILS. 


sufficient and satisfactory, and almost universally applicable. These aqueous rocks arc, 
for tlie most part, fossilifcrous — that is, they contain the remains of the animals and 
vegetables (’xisting at the time of thciir d(‘posit, preserved in a state which enables us 
to examinff and recognise them, aiid in sufficient abundance and variety to become 
in a prSper schso characteristic. 

It becomes impoi-tant to consider the exact meaning of lids appearance. How is it, 
we may ask, that animals or vegetable^ can have left bones, shells, or the leaves 
or trunks of trees entombed and preserved in sand, mud, or limestone ? Arc such things 
going on now r and how can we best cx|)lain the various circiinistanccs of the rase ? 

Both in the ease of minerals, therefore, and in that (ff the animals or vegetables 
found in strata, we arc forced to consider the general subject of Xul^al History before 
we can fully see the nature ancftindcrstond the' arguments of Ceolog^ 

One of the first inquiries with regal'd to these organic remains is concerning tin* 
state in which they exist, and their relative and actual abiindanco. With regard to 
both these points there is much that is liiglily interesting. 

Under the name o£ fossils, which were once and arc sonu'timcs still called petrifac- 
tions, the remains in question have long attracted attention. Varying according to the 
locality in which they occur, in one place we find only such minute and fragmentary 
remains that w'O must call in the aid of the ndcroscopo before wo can arrive at any 
satisfactory conclusion. Another ro(‘k will be found actually made up of the exceed- 
ingly small shells or secreted stony skeletons of some marine animal, such as a species 
of coral. A third will abound with broken shells, while another will contain them 
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moi*e sparingly, but also more perfectly. Here a limestone rock u ill exhibit tlio most 
delicate and perfect impression of some insect, crustacean or fish ; there a sandstone 
presents only the most rough and imperfect fragments of hone barely capable of showing 
structure. In caverns in England ■svo find embedded the hones and tooth of hymnas 
boars, and elephants ; in South America tlio mud contains complete slielctons of mon- 
8ti*ous sloths and armadillos ; Mobile in the Polar Seas the frozen gravel is found to yield, 
from time to time, the coniidelo and uninjured carcasses of gigantic elephants and 
rhinoceroses, animals of which no living individual has approached within hundreds and 
oven thousands of miles of the spot within the memory of man. 

These so-called fossils, too, exist in all possible mineral conditions. 

Wo find sometimes the bones and teeth of large animals, and the sheila and other hard 
parts of smaller ones, distributed amongst the materials accumulated together in heaps by 
the action of water, and very little if at all cl^anged from their original condition. 

These hard parti have sometimes had a portion of their substance removed, so that 
they have become more fragile ; at other times, their natural cavities and interstices 
are filled up by stony infiltrations, hardening and solidifying them ; while occasionally 
interstices left, after tho decay of a portion, ore filled up in the mtme way with stony 
infiltrations. 
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Sometimes it happens that not only the interstices arc filled up, but the whole of the 
rest of the substance is changed, particle for particle, into some new mineral, in which 
all the details of organic structure are preserved, while occasionally it is found that the 
place once occupied by the organic body has been filled up by some mineral suLstaned 
not exhibiting structure. • * 

Lastly, it happens occasionally that even the soft parts have been retained, as in tlic 
ammonites, &c., of the Oxford clay ; the 
skin of ichthyosaurus in the lias ; while 
in particular cases the merest indica- 
tions, such as the footniarks of an 
animal upon san^ are all we have left 
to astonish and instniet us. Tn the 
annexed engraving there is seen the 
mark of a bird’s foot, and imprints of 
drops of rain. 


All th(jj 5 c arc the different forms in 
W’hich bodies, originally secreted by 
living animals, have been prcservtMl, and 
they occur in some one or other of such 
forms in almost every bed of the w'holo 
number we discover, ’fliey arc incre- 
dibly abundant, but they arc di.stribiitcd 
in groups. 

Distribution of organic Beinges 
on the Earth. — ^Thc nature of the 
groups, and tlic consideration of wluit 
kind of animals W'oiild be: buritd in the 
sea in particular spots at present, is llio 
next subject of consideration. This 
involves some acquaintancj -with the imprint of thi! foot op a iinu), wd marks op 
googi-aphical limits and distribution of i-*ain- 1 )uops on a m.ad of sanustonx. 

animals and vegetables both on tlic land and in the sea. 

If we arc 10 consider what arc like ly to bo the causes^of the prevalence of a species 
or a group of species in any spot, we must make ourselves familiar with the facts on 
record with regard to this subject. 

Now it is well known that certain animals and vogetiiblcs, extremely common in 
tills countiy, do not naturally range beyond parti(?ular limits, while the animals and 
plants of distant regions arc only to be found licrc when introduced by the agency of 
man. In many of these eases there is no aiiparent difficulty in acelimatixing tlic newly- 
introduced race, and in some the new position they avCMuado to oijcupy ajipcars even 
more favourable for “^cii* development than that to which they were horn. 'We can 
only say that certain tribes arc indigenous to certain latitudes, and more or less limited 
ill ^eir range beyond tliosc natural boui^ds. Such matters will probably ho more fully 
discussed and explained elsewhere in speaking of the distribution o^ animals and vege- 
tables in space, which is an important part of Zoology and Botany ; hut we may hero 
briefly advert to some simple but effectual illustrations that will enable the render to 
understand subsequent reasonings. 

One of the main fkets deduced from natural-history considerations of the distribu- 
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tion of animals and ycgctablcs is the veiy important ono that, in different parts of the 
world, under similar conditions of existence, we do not find the same species indigenous, 
but a great variety of species often manifestly framed to perform similar functions and 
(operations, and greatly resembling each other in essential characters, but which not 
]>eing idbnticahmay properly be called anahgouB or representative. 

There is hardly a more important law of organic life than that according to which 
the same effects ai-e produced in nature— the same kinds of count^jr occupied — ^the 
same temperature and altitude tenanted, by groups which thus show adaptation by the 
method^of representation and not of identity. 

Tsdm, far instance, tha- forests of Bro^ and let the anfmals there indigenous be 
(‘ompared with others met witii in similar districts of tropical Asia. Each has its cami* 
vorous animals, its monkeys^ its Cats, its gnawing animals, its rumixftting animals, its 
pig-like miinifllg (tapirs' and horses), and even its marsupials and edentates — ^and yet 
thexs is absolutely not one identical species in the two continents. And if we look at 
the isolated land of Australia, the islands off the cost coast of Asia, or those small Islands 
— mere specks in the oceont^tho Galapagos, off the western idiore of South America, 
(‘ach of these has its own peculiar fauna, and almost its own flora. Each exhibits 
n'lationa to the fiiuna of the nearest land, but it is by representation, not identity. 
In the considsBation of thuv snbjeot there is, however, one apparent difficulty, since 
the islands in tilm vicinity of cantinimts sometimes have the bamo species of animals and 
vegetables os (hose of the adjacent main-land, while in other cascs—os in the Galapagos 
—these arc only timilar and not identical. It has been left to the geologist to explain 
the reason of this singular fhet; 

The law of Teproaentativo species as hitherto considered has reference to space 
;> encroUy, and extends ih two directions— horizontally and vertically. It refers also 
not only to land auimah, but to those which inhabit tho water. In other words, as in 
ascending high mountains wo pass through various temperatures, and even witliin the 
I L'upics may rise to tho level at which there is constantly snow on the ground, thus 
n-alizing the polar conditions, so in the ^stribution of animals those found on the 
iiighcr ground exhibit analogies with polar species. In the sea, where it appears that 
the temperature at great depths, even in some tropical latitudes, is that of water at its 
greatest density, about 40'’, and where, ow^ng to other circumstances, the conditions 
fivourahlc for tho abundant development of life exist only near the surface, the great 
depths, if tenanted at all, arc tenanted by species resembling those w^hich iu colder 
'•eas are found nearer the surface. Thus we have marine zones of similar organic con- 
dition, just as on land we have zones dividing different botanical and zoologic^ regions. 

Distzibution in Time.—Now in Geology this same law' of representation is 
fjund to have been carried out in past time, or in other words, tho species cliarac- 
teristic of any geological formation arc representative in tiniOt' as i^ell as space of the 
species now existing. The w'holc mystery of extinct species is revealed by tho duo 
consideration of this law, and a fact pcrhap.s the most stai-tling of any of those taught 
by geological investigation, is thus seen to be only another form of a condition of thi^ 
universal upon the earth at present. 

For what can b^morc striking than to he told that in ancient there existed 
on this earth of ours races of beings now passed away, and to bo taught the peculiari- 
ties of size, form, and even habit of animals and vegetables which no oye of mftTi has 
ever seen in a living state ; what more marvellous t^n this reconstruction of long lost 
organic forms — this clothing with flesh and blood the dry and scattered bones of 
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dcelotona— has oyer been thought of by the imagination of man, even in its wildcat 

flights? 

And yet all this is now effected, and in the most satisfactory 'manner, by tiiosc 
naturalists who have been contented to study with patience and pcrsevcranco the woib 
and ways of existing nature. When we find that she adopts methods and obeys laws 
which are unchangeable, we in fact only add one more to the innumerable proofs of order 
and system which pervade all the works of creation. Tho extension of a law is not 
the adoption of a new law ; and so far as wo ore aware, no new method has been 
required or adopted. ^ 

But we must refer again to the important and interesting subject of ancient organic 
nature, and learn tho extent to which naturalists liagp advanced in proving the fact 
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of the ancient oxisicncc of aiiiTing^.lft n-nd vegetables now no longer met with, as well as 
the limits of discovery, and tho reasons for arriving at tho conclusion attained. 

And hero fho ttimti argument employed is still that of analogy, and the main proofs 
rest on tho accordance of tho past with the present. 
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To take the coses nearest our own times, who is not aware of the fact that the bones 
of tlic beaver,, the wolf, and of many animals now living in other parts of Europe arc 
constantly mj|t with, and that these creatures must, not long ago, have inhabited the 
British islands^ The progress of civilization may, it is said, have produced this 
partial and loctil extinction. Let it be so ; but what is the ease with regard to other 
animals, such os the great Irish elk ? This animal, of which the perfect skeleton 
has often been found in the bogs of Ireland, cannot have lived in the country where we 
^nd it without having been observiKl, and yet we have no record of its existence as a 
living animal. It is quite gone — ^thc last of its race has dic<^ and left only a few frag- 
ments for us to put together, in order to show how great tlio changes have been even 
since the surface of Ireland and tiio Isle of Man could afford food und shelter for those 
giant animals. Smaller deer Jirc stiU in the British islands ; the rein-deer and the elk 
still tread the frozen plains of Laidand and the forests of North America ; but this most 
gigantic of the deer tribe is gone, although not without leaving .sure marks of its foniicr 
prevalence. 

Without dwelling any further at present on these example's, let ^is consider anolhcT 
also of great interest, in v/hicli we have not merely the diy skeleton, but the very flesh 
and skin of an ancient inhabitant of northern Europe. 

In the wild desert plains of Siberia, close to the nrcti<f circle, many miles north 
of the last traces of arhorcseent vegetation, and where perpetual frost binds together 
into a rook tho-^^e gravelly heaps which in England and northern Europe arc loose 
and shingly, tlicrc are found, from time to timf', the bones of animals which once 
inhabited that district. And what are these animals ? Are they the progenitors of the 
wolves, the dogs, the foxes, the bears, which arc now the only creatures, except man, 
Vv ho disturb such solitudes? Do we And occasionally a straggler from the still more 
glacial climates in the vicinity ? By no means. These frozen gravel cliffs of ti^ icy 
sea arc partly made up of tlic bones of elcjfliauts, of rhinoceroses, of hipx)opotam^scs, 
and of such like animals, in incredible abunffiheo. 

For very many yeara whole cargoes of ivory have been brought annually from thc'sc 
fitor^h^ouscs, and most of the ivory used in the beautiful G(’rman carvings of the middle 
ages was derived hence. Hero, then, it would seem probable these animals must have 
lived, for tlicir bones are not bfoken or injured by rolling, and have certainly not been 
carried far. But this is not all, nor is it, perhaps, the most extraordinary’’ fact with 
regard to this subject, for it is not many years since the entire carcass of an elephant 
was obtained from these cliffs, the flesh having been preserved in a sufficiently undecom- 
posed state to serve as food for wild animals, and a pai*t of tho skin, hair, and wool— for 
this creature was warmly clad— in such a state of preservatio n ft^ tjyey were transported 
with the skeleton to the museum of St. Petersburg. ^^ch carcasses 

have been discovered, and for a few hundred pounds it is ^i^^lEwe ipight now bring 
to England an elephant thus preserved— one of the ancient* inhabitants of Northern 
Eiuope. 

Now, when we look at the carcass of the animal thus handed down in a perfect state, 
we find that it docs not exactly agree with any of those at present living on the globe. 
The differences, indeed, ar5 not considerable, and are evidently such as would fit 
the ftnitnal better for the conditions of its abode and climate as wcU as food. There is 
adaptation in every part of every diclcton, and the principle of adaptation of parts is 
that on which the comparative anatomist and naturalist must work to obtain any general 
results in this science. 
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Each part of every animal is admirably fitted to work with every other i)art in 
producinjr the adaptation of the whole to the peculiar necessity of the creature. This 
is a fact well proved by a thousand examples daily before us, and it is universally 
and minutely true. » ^ ^ 

Since, then, wo find that there arc certain animals different from the present inha- 
bitants, but whose remains are found under circumstances which render it clear that 
they formerly inhabited a given district ; and that these animals arc at present un- 
known upon the earth, the first step is gained towards a knowledge of the history of extinct 
species. But there is another point to be considered — ^thc representation of the present 
races. This I might illuStratc by reference to tlio Irish elk, or the elephants of Sibe- 
ria, but T prefer taking a more striking example. 

In New Zealand there exists at present, althouglf it is now rare, a small, wingless 
bird — not like an ostrich, but absolutely wingless, and covered with hair. This animal 
is called the apteryx, imd was the largest animal found in New Zealand at the time of 
its disco vciy: In the island of ^Fauritius there appears to have formerly existed a 
curious ^dngloss' animal/ about the size of a turkey, called the dodo; and tlic beak 
and feet of this animal, as well as a drawing of it, arc preserved in the British Museum. 
No living dodo lias, however, been seen in modern times. 

In the island of New Zealand there arc also found, in the gravel, some fossil 
bones nearly as large as tlic thigh bone of an ox; and on cai'cful examination of 
the bones found in tliis gravel, a number of s])ecies of \vingless birds have been 
formed, which exhibit, in regular gradation, a scries of animals of various sizes, 
more or leas like the apteryx, aU wingless, but the largest of them much more gigantic 
than any ostrich. There is here, then, a distinct roprosontation in time. 

Vse of Fossils in Geology.— We have next to consider what is the use of these 
fossil remains to the geologist. 

It will have been seen tlfht in the crust of the earth there arc a number of layers, or 
beds, one over another, and if these conta^ Uie remains of animals or vegetables in any 
abundance — ^if the remains are so placed that they involve of necessity the gradual for-, 
mation of these beds during successive generations of animals— there result two great con- 
clusions bearing on geological investigation : first, that each bed must have been fbrmcd 
separately by itself, and before any of the others were ]^accd upon it ; and the more there 
appears to be any distinct gi'oux) of fossils or mineral character peculiar to a bed, the 
more is tliis truth made manifest. But it is also seen, in the second place, that beds thus 
formed must have required a long period of time for their elaboration, and tliat, if this 
is the case, even with regard to one bed of moderate' thickness, it is still more so, when 
we consider the va^t number on^ great thickness of the beds x^resented to oiu* notice. 

The use of fossi&^^|||TCological investigations, is thus very considerable. They tell 
us of time elapsed, ns mcchu'nical changes effected, and of conditions of exist- 

ence of animals and vegetables din’ ;rent from the present. Tlioy are also, by their 
specific character, by their mode of grouping, and by tho succession observable with 
regard to them, characteristic of geological formations. They arc, in fact, tho very 
hieroglyphics of nature, marking th j c'ondition of the earth at tho time and place of 
their deposit ; and thus they are th'j true materials from which ■'^c deduce the eai‘th s 
history. 

But fossils are much more than :ncro indications of tho history of the time to which 
they refer. They themselves express tho very language of nature ; they bear actual, 
direct, and unquestionable testimony to th e course of nature ; and, when properly con- 
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sidcrcd, they exhibit distinct proof of a long scries of successive creations, characterizing 
different epochs in the earth's progress. Viewed in this light they become the ground- 
work of correct geological classification, and every successive advance in our know- 
ledge of th«nf proves how safely and truly tlicy may act as our guide in this respect. 

Such^s theif value in geology ; but the bearing of this subject of extinct species on 
natural history generally, as it refersHo living forms, is no less real and no less impor- 
tant. Fossils affi)rd numerous links in the great chain of organized beings ; they explain 
difficulties otherwise inexplicable ; they suggest reasons and causes for the most un- 
usual variations from the ordinary course of nature ; and they teach us the important 
truth, that throughout all time there has been a i)orfcctly uni^tbrm plan pursued in the 
construction of the world, and it^ adaptation for successive races of beings, but that 
this plan has admitted of innumerable modifications' in the mode of carrying it out, — all 
CA'idontly and admirably adapted to changing circumstances. 

But the one principle involved in the whole subject of fossils~tho m('ans by which 
wo dotoniiino their natiin}, and^discover the value of the evidence they ’yield — ^is still 
derived from the study of existing nature. , 

No new principle is introduced — no new or difierent method discovered ; nature is 
still, in all essential points, the same, and has been the samo throughout all time. All 
that wo can know with certainty, with regard to the past, is ^derived fr*om the study of 
the present, and wo arc confident of the truth of the liistory ‘those fossils teach us, 
because, and only because, that history does not involve any considerations that disturb 
the harmony and the uniformity of action of the groat laws of organic existence. It is 
impossible too earnestly or too forcibly to impress on tbe reader the importance of this 
view of the case, for it is only by comprehending the nature of the argument, and per- 
ceiving its firm and sound basis, that the true value of geological conclusions is under- 
stood, and the standard obtained by which to measure them. 

The use of fossils in geology being thus limited and clearly defined, a largo part of 
the science of palaeontology, or the study of the old and now extinct races {iraKaiwv 
ovraov \oyos, an account of ancient organisms), reverts to zoology and botany, and ceases 
to belong properly to geology. 

Here, as in various departments, geology makes use of generalizations obtained 
from other sciences ; and the study and detennination of all special details must be 
referred to the naturalist who pursues that particular branch. The doubtful mineral 
must be analyzed by the chemist, or measured by tho crystallographcr ; and tlic doubtful 
bone or shell examined by tho comparative anatomist, or the conchologist. But tho 
geologist, receiving sound information from a sister science, brings it to bear on his 
own pursuit, and is thus enabled to identify and compare roclH found in distant 
lands, and also to understand and translate the dark pages of tho earth's historv*, 
wTitton in organic forms, which thus represent a true picture-language peculiar to 
his science. 

The question of classification in^eology is perhaps tho one in which tho use of 
fossils is most marked, and it depend on the grouping of rnii mnla and the distri- 
bution of groups in epochs as already alluded to. It requires, also, that we should under- 
stand the necessity of a lapse of time so large, that many readers will think it 
extravagant and unreasonable to account for observed phenomena in a rational manner. 

If, however, it is true, as has been stated, and is now well known by the most 
decisive proof, that rocks contain, in such abundance as often to he entirely constructed 
of them, fragments of animals and vegetables, and that such fragments are distributed, 
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not in mere heaps, but as a constituent i)art of mountain masses, many tliousand feet 
thick; — if, on proper examination and comparison, there arc found to bo marked 
difiGn'enccs of structure peculiar to each group i^ also, the study of these varieties 
teaches that, altliough countless multitudes of animals and races have Uvpd and jicd, 
there has not been any essential difference in plan from tliat now foUowed witli refer- 
ence to our earth -if we find that of tliesc^ similar yet distinct groups, however 
numerous they may bo, each one requires, as far as wo can judge, a long time to com- 
plete and displace, — then must we conclude that the system of this world on which wo 
live is one not only of inconceivable inognitudc and most complicated detail, but that 
its history runs over a period which no imagination can conceive, but which, vast and 
almost w itliout limit as it may appear to us, is yet to be rcgJirdcd as a definite and 
perhaps a small portion of a system larger, and still^f more considerable duration. 

Xiaw of Distribution of Organic Beings.->'V\^on wc endeavour to form a 
distinct conception of what might happen, during a long perriod of lime, by tlie con- 
tinued action of causes of change whoso present amount admits of any estimate, there 
would ^em no great difficulty in calculating, by simple multiplication, the possible 
results that might be attained. 'When, however, wo introduen into the problem various 
complications involved in considering the mutual influence of animals and idants on 
each other and on climate, and still more when wo consider the inverse problem of the 
influence of change of climate, -without change of place, on the various natural tribe.**, 
we require to make a different seiies of observations, and to comprehend and apply dif- 
ferent methods of rc^asoning. 

The effect of the lapse of time on the various races of animals and vegetables 
inhabiting our earth, is. not to be determined by any obscurations, however minute, of 
any one individual ; and being mixed up with and affected by many influences, pro- 
duced by modificationsiof climate and other physical modifications Constantly going on 
around us, this department of science was altogether neglected, until the great discovery 
was made, that tlie remains of animals found fossil b('loiigcd, fur the most part, to 
unknown species, nearly allied to, but unquestionably distinct from, those now existing. 
This naturally directed the close attention of naturalists to the determination, as far as 
possible, of the causes and conditions of change. 

The study of the habits and structure of cxis^ng animals and vegetable.^, with 
rcfcrciiec to their actual adaptation to special conditions, seems to be the first step in 
making out the question at issue ; and the method of analogy discovered to be apidi- 
cable in recent eases may, with some dcgi’cc of reason, be applied to dctci-miiie tlie 
ancient succession, if, on discovering its true nature, wc iicrccivc that it is ba.scd outlie 
uniform action of some general law. 

Something of this has been already alludi'd to, when speaking of the recognised 
principle of representation in (‘xisting nature. Tlie reader nei'd only bo here remirded, 
that in distant countries, with climates somewhat analogous, and in iniportant respects 
similarly characterized, there ai ' plants and animals nearly allied to one another, but 
not identical, although perfoiiuing the same part in nature ; hilst under other cir- 
cumstances there are resemblances in appearana^, and in sonic important general 
characters, -without any distinct alliance or afilnity. * 

It was also mentioned that this law of distribution, as far as it can be determined, 
is equally applicable in vertical and horizontal space ; in ollii r words that height above 
or depth below the general level of the sea, as it is aecomparued by a change in climatal 
condition, and a diminution of mean tcmpcratiu’t?, is also characterized by a cliangc 
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of inhabitants resembling that pbserved in countries having a dilferont and a higher 
latitude, or in colder seas. 

In order to understand fully the conditions on which depend the prevailing character 
of <hc flom fcnd fauna of a spot — or, in other words, of the races of vegetables and 
animals found (here, we must take into account all the circumstances that affect these 
organic bodies. It is not alone the climate that affects them — far less is it tlic mere 
temperature. The distribution of the temperature, the degree and distribution of 
moisture, the quantity and distribution of light, heat and air, the natiu’C of tlie soil, 
the form of the land, and a ihousand other conditions, all have iniliicncc ; and it is also 
well made out, that in many cases 'when a change takes place with regard to one 
important species of animal or vegetable, the 'whole condition is altered. In applying 
our knowledge of recent naturaf history to the past, it may be said, as a preliminary 
remark, tlyit “the definite notions which wo may attain, concerning the general plan of 
creation by the study of fossils, m e only valuable so f{p* as they can bear comparison 
\rith obscr\'ations concerning existing nature and the present condition and relations of 
organic and inorganic matter.*** It is in carrying out this view', and in counocting the 
present course of nature with the past as dcfcrmincd by important exiting records of 
species now extinct, that w'O are abltj to discover the nature of that system of represen- 
tation and apparent succession 'which appears to afford the qjily key for the solution of 
the innumerable diflicultics presented in investigating the relations of species, some of 
which arc nearly allh^d to each other, but not analogous — others strictly analogous, but 
having no affinity. . . 

Looking around us at the animals and vegetables now occupying the land and waters 
in tl^ eastern poi’tion of the northern hemisphere, and comparing these 'W'itli the 
inhabitants of the corresponding parts of America, this principle of adaptation may be 
in some degree appreciated by every one. But we must Icbm much more than is 
known at present concerning the pov/ers of endurance and adaptation of different races, 
before w'o can positively assert the extent of change that would be produced by any 
slow but important modification of climate. 

A knowledge of the differences observable in the inhabitants of distant spots 'will 
assist in this investigation ; and 'wc may"pcrliaps conclude that, w'hatevcr the law of 
analogy may prove to bo at present, the safest and best course must involve the li)q)o- 
thetical application of the same principle to the geological problem, before any other 
theory can be admitted as 'worthy of consideration. 

If wc take a limited distinct, characterized now by certain botanical and zoological 
peculiarities, and apparently the centre or metropolis of certain species which arc there 
presented in their most typical form, there may exist immediately beneath, if not 
actually upon the surface, remains of vegetables and animals presenting on the 'W'hole 
a different aspect— remains, too, 'which wc can discover to have been the inhabitants of 
the district at some immediately antecedent period. We may find very nearly the 
same difference, if we compare this district with some other at a distance, or with one in 
w'hich the conditions of tcmperatur|, arc widely different, in consequence of tlic land 
being at a higher level above thl^jfea, although in the same latitude. And this is 
what is meant, when we say that the various races of animals and vegetables have been 
distributed in time as they arc distributed now in space— changes arising from lapse 
of time producing results in reference to ropresentative species, similar to those effected by 
the introduction of races adapted to similar conditions, but situated in distant regions. 

• Ansted's ••Ancient World.* » 
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Law of Development. — ^It has been long a subject of speculation among 
naturalists, how far tlio modifications, by which different species of animals seem to bo 
dcriyod one from another (those of more complicated organization being elaborated in 
course of timo from more simple forms), may be really the result of somS natural hw 
of development, and not duo to suecessive creations, each requiring the cxcilion of a 
special interference of the Author of nature. Without at all entering on a discussion of 
this question in tlio abstract, which would here bo out of place, it yet falls within the 
proper limits of our subject to make a few remarks relative to this question. 

The argument is thus ^riefly stated. That since it appears, from w'hat w'c know of 
natural history in gener^, that the whole number of varieties of form observable in 
nature pass into and from one another by gradations^lways very close and sometimes 
obsclirc and hardly traceable; since, also, many modifications of specific form are 
undoubtedly produced by time and by long exposure to special modifying conditions ; 
and since there is a general parallelisni and resemblance traceable in different groups 
throughout nature ; therefore it is probable that according to some law, of which at 
present v§c know nothing more than these supposed effects, species arc capable of occa- 
sionally producing, by the ordinar}’’ mlans of succession, other species differently 
organized, which, once established, occupy new gi-ound, and become themselves the 
starting point for new chapgcs. 

Xow, so far as geology is a guide in teaching us the law of succession of species, 
this idea is entirely unsupported, and it would seem to derive as little assistance from 
the minute study of existing natm’C. 

It is indeed true that in general the order of succession in timo has been from the 
less to the more perfectly organized groups so that in the earliest periods of, the 
('arth’s liistorv the sctas 'were inhabited ehiofiy or only by invertebrated animals, and 
afterwards by fishes. We Ipivc no right to assume, however, the total absence of 
reptiles and mammals at these early periods, 
for wo have no positive evidence on the 
subject, and the negative evidence is ver}’ 
imperfect. jVnd wuth respect to the inver- 
tebrata and fishes, it is by no means the case 
that those least perfectly organized were the 
fii*3t introduced. So far indeed is it from being 
so, that among the earliest known of all created 
beings occur species refciTcd to the most highly 
organized group of invertebrated animals, those 
resembling the cuttle fish of the present day ; 
whilst amongst the articulated animals arc the 
trilohitcs, provided with eyes os perfectly and 
beautifully organized a§ those of tho dragon 
fly. At the earliest introduction of fishes wo 
find the voracious and highly organized tribe 
of sharks fully represented; and another tribe, A«i8KiA.vTRiLODiT%(7V/«w<?fe*«powycrardi). 
more nearly approaching the reptiles, was 

then far more abundant than at any subsequent period, and is now extremely rare. 

To sum up this subject in a few words, it is only needful to recount some of the 
principal indications of change at present proved with Regard to tho condition of the 
earth’s surface, and tho animal inhabitants and plants found in different parts thereof. 
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NATURE OF RECENT CHANGES. 


V. It appears that not only are there proofs sufTiciontly distinct, that the whole faee of 
tlio earth is gradually undergoing change ; that the hills are being ground down and 
reduced to a lower level ; the coast linos altered ; extensive tracts of land (devated in 
one distr^f and d('pressed in another ; but also that the inhabitants of tlu'^land are like- 
wise undergoing change cori'esponiling, it may be, w’ith the modifications of the land 
and sea-bottom ; but still, no doubt, governed by independent laws, and producing 
most important results. 

t'or what do wo find ? At no distant period, oven in our ou'n island, there "w as e 
country partly covered by tin ok forests, pai’tly abounding ii^cavcnis, atlciiding shelter 
to Ai'ild animals, and tenanted hy the lion, the hoar, the wolf, and the hya’iia ; while an 
elephant, two species of rhinocev^, many cervine animals, and amoiigit themtlu' ndn- 
deer, and another si)ecies of deer, gigantic in size, and with horns ( xpandc'd in still 
grand T proportions, tog('ther with the wild unis, now couiiiu'd to the forests of JOastern 
Europe, and many cither ruminating animals, poojih'd the pliiiiis, and wandered at liberty 
thiMUgli the country. In the. rivers, also, wt'n^ then found tho liippopolamus and the 
heav'cr, associated with the otter, which still remains. Here', India d, is a eo»dilioii i.{ 
things singularly unlike that which noAv exuds, and \\\* may sii] ]ipso it unequalled 
(dsewhere. Hut such is nc»t ihii cause. At about the .<aim‘ time', and therefore very 
rtrenlly, compared with Iho dist.uit ])eriods wliieli we shall liave to eon.^ider in con- 
tinuing our investigations, Iho country u’hich is now India was peoiiled likewise by a 
group of animals different from llie present races. 

In Soulli America the Irihe, of which tho sloth, tho annadillo, and the ani-eat(T ari' 
all that now remain, was tlien represented by Ibc megatherium, the glyplod(yn,and others. 
In Australia wore gigantic kangaroos; in New Zealand equally gigantic wingless 
birds ; and ])robably in otlier parts of the world similar strange modilications. And 
these are the first slops in passing from tht' present tij tlic past. U’hesc steps are 
so clearly marked, they belong to a period comparatively so modern, yet at the same 
lime they involve changes so considerahle, that it seems almost equally difficult to 
admit the jconclusions which immediately result, or to question facts so exceedingly 
manifogt. And yet these, strange as they are and difficult to comprehend, arc yet only 
th(? first and the simplest steps in geology. Once launch('d into the science, and when 
we haTo learned to contcn^platS it in its simplicity and grandeur, os the history of 
natune fnoin lihe beginning of the existence of matter and life, w'C soon find tliat these 
ehangc.«<, however ^rcat, arc hut the last of a vorj' long series, each in its turn involving 
the introduetiaii, the arriving at luirturity, and the gradual but sure decay of w'holc 
groups of animals and vegetables, no doubt perfoctly adapted to the circum- 
stances in which fh(*y were placed — each the record, the hieroglyphic, maiking one 
chapter of tho histoiy ; and wliat is most marvellous of all, each handed down, in spite 
af all change, to communicate this histoiy by lcgond.s admitting of no misconstruction, 
and capable of being fully comprehended and translated into his own language by the 
intellect of man. 

Classification of the StrafUled Roclas.— Making use of fossils in the manner 
above indicated, and bringing togeiSfer the facts observed in various parts of different 
countries tlu’ougliout llio world, we find that the stratified roelcs admit of being grouped, 
first, into throe wcdl-marked scries, separated from one another by very remarkable 
natural-history peculiarities, and, afterwards, that each of these thrccj is capable of sub- 
division, very distinct in particular countries and localities, but not so easily noticed, 
when we compare togctliCT the geology of places widely removed in distance, whether 



ABBA^'G£1!£NT OF ROCKS. 


71 


of latLtudo or longitude. The three x^rincipal groups of rocks arc now commonly spoken 
of as — 1. the PAi..iflozoic, or older group ; 2. the Secondary, or middle gi’oup ; and 
3. the Tertiary, or newer group. Other names arc occasionally used by geologists, 
both of this and othcT countries ; but it is unnecessary to detain the rc'^der with any 
account of them in this place. The French and Belgian geologists^ and sometimes 
others, admit of a fourth division, to include more recent rocks than tlic third group ; 
but this also seems unnecessary, 

TABLE OF CLASSIFICATION OF BOCKS. 

* I. — TERTIARY EI'OCH. 

Superficial BepoHits . — Baised hcaelics — ^poat bogs— gihmcrged forests — mud deposits 
in cMvenis — slndl marls and modem delta<». 

Upper Tertiary . — Cravel beds— Till — iiiammaliforoiis crag of Norfolk — ^I'cd crag — upper 
limestones of Sicily — su})aponnlii(' beds — loess of tbe Bbine valley — l)ro\vn-cojil of 
(lermiiiiy — uppermost fossiliferous beds of Noi*tlicrn India (Kunkur, &:c.). Smith 
Am^i ica, Australia, and other countries. 

JLidfik T rtlanj . — ( Vivallino crag— upper molassc of Switzi'vland — crag eliifs of the Loire 
and Garonne — tertiaric's of Vienna — ^numerous beds in India and Amcriea. 

Lower Tertiary . — rjondoiuand ITaniiishirc clays and sands — Isle of Wight beds — ^beds 
of tlic Paris basin and BrnsseJs— lower molasso of Sw'itEorland — lower beds of 
Sewalik Hills, India — ^nunimiilitc and other limestones of the Jilasteni ^loditer- 
rancaii. 

II. — SECONDARY EPOCH. 

Upper Sc-condary^ or Cretaaeom Series. — 1. Chalk of England, Franco, Bolgiunii anti 
Denmark, aeaylia of Italy — 2. Lower dialk and chalk marl, gmdcrsaudstimi of 
Gonmimy — 3, Upper i^'emusand or firestone — 4. Gault — 5. Lower greensand or 
SEeaeomiaio. 

Mid^ Seeandary^^a. Wealden Series. — 1. Weald day— ^2. Hastuigs sand — 3. Purhock 
hods. 

1. Oolitic, or Jurassic Scries. — 1. Foirtiland beds, and lithographic beds 
of Bavaiia — 2. Kimmeridge clay — 8. Coral rag, and ncrina)an 
limcBtone — L Oxford clay — 5. </omhraEih, Forest marble, Brad- 
ford day — 6. Great oolite, Stoncsfield date, FuUeFs eartli — 
•7. Inferior or Bath oolite. 

c. Ziassic Set-tos. — 1. Alum shale— 2. Marlstone— 3. Lower lias 
shales. 

Lower Secondary, or Triasoio Series. — 1. I^pcr now rod sandstone, Iceupcr or vaiiogafed 
marls— 2. Musohclkalk (absent m England) — 3. Variegated sandstones, Buntcr 
sandstein, or gres bigarre. 

III. — PAL-tlOZOIC EPOCH. 

Upper Tahtozoic, or Permian Series. — Magnesian limestone — 2. Lower new red 
sandstone. 

Carboniferous Series. — 1. Coal measures — 2. Afillstono grit — 3. Paiboiiifcrous, or moun- 
tain limestone. 

Devonian, or Old lied Sandstone Series. 

Silurian Series. — 1. Upper Silurian (Ludlow andWcnlock groups) — 2. Lower Silurian 
(Caradoc sandstone and Cambrian rocks). 
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SILUEIAN EOCKS AND FOSSILS. 


The Bubdiyisions will be referred to in some detail in the following pages ; and at 
present they are merely given in a tabular form for tho convenience of reference. In 
the foregoing table the newer or more recently formed beds are placed first ; but it will 
bo convenient to begin tho description with those of oldest date, thus tracing the 
earth’s hfttory from its commencement, and passing on by successive steps to those 
rocks of more recent time. 


TALJEOZOIC EPOCH. 

IdOwex Siluxian Rocks and Foasils.'-Ileposing on crystalline or mctamoi'phic 
rocks, in which no fossil remains have yet been found, there have been traced in Wales, 
Cumberland, the south of Scotland, and various parts of Ireland, in the west of France, 
the north-west of Spain, tho islands and shores of the Baltic, in Bohemia, in the Ilartz, 
in many parts of eastern North America, on tho western side and plateaux of the 
Bolivian Andes, in Brazil, in South Africa, and in Australia (?), a series of rocks, more 
or less altered, belonging to tho lowest fossiliferous scries, and containing fossils all 
sufficiently similar to justify their being referred to the same period. Tlio di'i^sits are 
chiefiy sandstones, but include extensive ranges of slate and some bands of limestone, 
both thick and widely spread, though small in proportion to other rocks. The Caradoc 
sands and Idandeilo flags of Wales, tho schists and psammitc^ of Franco and Belgium, 
the AVoolhopc and Hordcrlcy limestones, Trenton limestones, Potsdam sandstones, and 
iVngers slates, arc all wcU knoMTi and sti'ongly marked deposits of this period. Tlioy 
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show a total thickness varying from a few hundred to as much as four thousand yards 
(as measured in Bohemia by Monsieur Barraude) ; and though often much altered, 
present many localities where they appear to have undergone but little change since 
their first deposition hardening. 


LOWER SILURIAN FOSSILS. 
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Among the fossil remains found in these ancient rocks, which have generally been 
regarded (though perhaps without sufficient reason) as those first fonned uinlcr circum- 
stances favourable to organic existence, may be mentioned small fishes of the shark 
tribe, several genera of the remarkable group of trilobitcs, some worms, solha sca-w«’da, 
a number of chambered shells resembling that of the nautilus, several uniValvc and 
bivalve shells, several cchinodcims (star-fishes, &c.), and several of the two principal 
groups of coral animals. Up to the present time the other kinds of fishes, and all 
(piadiTipeds, birds, and reptiles, and a large proportion of the best known and most 
abundantly represented generic forms of the invertebrated animals have not been 
detected. 

The trilobitcs were singular crustacean animal^ living in the ancient seas in 
great number, and capable, it would seem, of either floating with their backs doAvii- 
wards from the suifaco of shallow water, or buiying themselves in mud at the 
bottom. Some remarkable forms of them {Paradox ide^ were apparently very com- 
mon, and are undcly distributed. Among the more interesting of the fossils are 
markings on sandstone, showing the existence of nuirinc worms (Xercites camMmsu)^ 
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such as those still seen on a sea-shore. There is another fossil of a singular 
structure {Jlemicosmites) AA'hich appears to exhibit the earliest form of those radiated 
aniniaLs Avhich have since boon largely developed under eveiy variety of shape, and 
are still represented on our coasts by the sea-egg, sea-urchin, &c. Lastly, the rei^rc- 
sentatives of the nautilus (LituUes) and cuttle-fish exhibit some peculiarities of form, 
and though not so plentiful as in after times, arc stiU veiy common in certain 
localities. 

Many very extensive tracts, occuxncd u-ith Lower Silurian rocks, have liitherto 
yielded no fossils whatever ; in other cases organic remains ai*e extremely rare, but 
there are many districts where they arc very abundant. In the former case the deposits 
may have taken place in deep water, and in the latter near shorcy and there is nothing 
to prove that tlie seas were much more extensive then than they are now, although it 
is not improbable that they extended in very different directions. * 

The modifications and metamorphoses of Lower Silurian rocks are often very con- 
siderable, clays haA’ing been converted into slat(*s, limestones into marble, and sands 
into quartz rock. In the croA’ices are numerous A'rins, often containing metals, and not 
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, unfrequently admixtures of meliJlic sulphurcts, contaiiiing a marked proportion of 
gold. 

Ifppex Silurian Rocks and Fossils.— A voiy important kand of limestones 
and •shales.* belonging to this part of the sciics, was first deserihed by Sir Ilodcrick 
Murchison as oefeurring in Wales and Shropshire, and formed the basis of a des(‘rip- 
tion, which has since been rcfcn'cd to as the starting-point in tlio g’cology' oi the 
old rocks. The subdivisions there obscr\'ed are as follow : — 


1. Tilestonc. 

C Upper Ludlow shale, 

2. Linllow group, ) Ayincsti*y Iiiul stone, 

L 1 . 0 wer I iU(ll< )w shale. 


Wenlock group, 


W(‘nlock or Dudley limestone, 
A\’^enlock or I'liidley shale. 


Of these beds the linn stones are loaded with clayey matter, and the shales are often 
very calcareous, so that the whole may be rv'gardi‘<l as an ini] sire mud (kpt»*Jt which 
has since nndcrgnne a change. 'NMicrevor it has happened, from any eaiiso, that 
niiTnerons .shells nr corals lu-vo existed, these have ptahaps originally mixed with the 
clay and mud, and since (hen, hy a j^roccss of sc'gregration, caleareons liauds liavo heeii 
formed. 

Elscwvhcre this condition of the sea was greatly different. !i'h us, in Westmoreland 
and Lancashire, hods of simihir ago consist of impiitvj sondshmes, wliile on the shoi es 
and islands of the Baltic, amdin Canada, Hue limestones of cowiderahlc purity prevail. 
A band of Upper Silurian rock also traverses the Uralfl, and extends paraUol to the 
.'VUG^iany chain in 'North America. In the latter ease it cemtainu scilt beds. 

Betides these principal develojiraents, Upfjicr Silurian irocks ooour in Spain, IPrance, 
Tlollond, and Germany — ^llic Bohemian deposits being cspAially romarkahlc and intm'- 
csting. Similar strata have boon traced m South America, South Afifica, and South- 
Eastern Australia. 

The charaetenstic fossils hitherto found in Upper Silurian rocks arc numerous 
and varied. They include several trilohitc.s {Calymefie is a genus especially rcnuukable), 
some singular corals (Ci/athophi/Hfon), and several highly-interesting radiated animals 
{ITypanthocrinitcs and JDimerocrinites)^ besides univalve and bivalve shells [Lingula^ 
Orthis^ Pentamerm)^ in great variety, A group of these fossils is given in the following 
page. The trilohitcs {Cabjmenc) arc large, fine, and numerous ; the shells, also, of large 
si^e, and well-marked forms ; and these, as well as the cncrinitos, are widely distributed in 
similar if not identical species, occurring in England, Itussia, and North America. 

The remains of fishes are rare in most of the Silurian rocks, hut have been discovered 
in some (listricts in considerable quantity, llius, at Ludlow, is a fish-hone bed of this 
period ; and elsewhere, no doubt, similar local deposits will hb found. 

No indications of the existence of reptiles have yet been met witli in rooks of the 
Silurian age ; hut this is no proof tliat such remains may not hereafter be found. 

Reverting to what has been said of the mechanical as well as chemical con- 
dition of .'Stratified rocks containing no fossils and often greatly altered, and also of 
tho.so nnstriitificd rooks beneath or otherwise in contact with them, we may now 
endeavour to pictui-e to ourselves the earliest state of the cartii, as far as it is revealed 
by observation, and hy the fragments of organic life that have escaped the numorous 
chances of dostniction. 
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FIRST STATE OF TUE EARTH. 


Judging partly from the general appearance of the various bodies of the solar 
system and from astronomical consichirations, and partly from the appcai-ances pre- 
sented by the various rocks at and near the cnrtli’s surface, it is supposed that at a very 
earl> period, of its history our globe may have existed as an intensely heated body, in 
a fluid or ftioltenctate, and that it gradiially cooled at the surface, perhaps by exposure 
in space, contracting in dimensions as it cooled and hardened. In this manner, it may 
be, a succession of thin solid Aims or crusts were foimcd ; each one, as soon as foniicd, 
beginning to shrink and crack, until at length, after a inimbcr of such broken crusts 
had been produced, a certain balance was attained between the thickness of the cnist, 
the rate of cooling, and the amount of internal heat. This would not have taken place 
until the production of a rough, uneven surface, having many de rations and dc'pri's- 
sions, nor imtil the temperature haft been sufficiently reduced to allow of an atmosphere, 
and permit tlic permanent presence of water reposing in the hollows, and forming seas 
and oceans. Until the time when water could exist, without bidng converted into 
steam, we cannot imagine the possibility of any organic beings existing either upon or 
beneath the surface, although at any temperature, Iwdow that of boiling water, both 
vegetable and animal life is possible, oven under the limitations with which we are 
familiar. 

Thus, then, according to this view, the first period of Ihe^c'xistcncc of the earth, as 
a planet, was marked by a chaotic state of igneous tii'5ion, and characterized by frccpient 
disturbances of the surface, the dfi'ct of contraction during the cooling of the rnicccssive 
films or pasty crusts of oxidized and half solidified rock. As soon, also, as water 
was present, we may suppose that its action would be cxi*rtcd in grinding down, and 
depositing in a mechanical form, the detritus of the older and igneous rocks ; and in this 
way we st'Cin best able to account for the nearly uniform character of the ancient 
granitic rocks, and those most directly associated with them in various distant parts of 
the globe. 

In tlio mechanical rocks derived from the early gi’miitcs, we have, therefore', a second 
I'pocli of the earth’s history still unmarked by life, .although apparently somewhat h(*ttcr 
fitted for sustaining it. At this time the earth was no longer a mere eha»)ti(} mass of 
cracked and humt rock; hut there ('xisted, supcrimpos('d upon that mass, extensive and 
thick layers of material, which, although derived from gi’anitcs, contained most of those 
elements, both gaseous and solid, by certain new combinations of which animals and 
vegetables, when once endowed with life, arc enabled to perform their functions, and 
render inanimate matter available for all the purposes of living beings of higher 
organization. 

One of tho most remarkable facts, witli regard to these ancient deposited rocks, is 
their extraordinary thickness in some districts, and the broad ti’acts over which they arc 
occasionally spread. It is not, indeed, very difficult to see why, when the granite and 
granitic rocks wera newly formed, and presented a multitude of recently fractured 
edges in every direction, the pounding action of moving water, perhaps at a high tem- 
perature, might not grind down the exposed surface with extreme rapidity, and filling 
up tho hollows and depressions, produce extensive deposits. But we can hardly suppose 
the existence of depressions so considerable as the actual thickiicss of these altered 
rocks would require, and it is more reasonable to assume that during, and in conse- 
quence of, the gradual cooling, the contraction of the crust would produce puckering 
and wavc-liko plications of the surface, alternately elevating and depressing particular 
districts, and occasionally, perhaps, producing a succession of elevations or depressions 
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on the same spot. ‘Whctlicr this were so or not, it is at any rale probahle that these old 
sedimentary masses may have been exposed to the action of long-continued heat in 
many eases, so that they have become actually crystalline ; and they ^ave also been 
often cracked and broken into fragments, the cracks being filled with rqcks o*f a different 
kind. In addition to these, there have been produced a vast number of other changes ; 
some of them, it would seem, involving a considerable lapse of time, others vast 
mechanical force, and others again great chemical action, connected M'ith an important 
development of electrical and polar forces. 

These lowest and oldest of the sedimentary strata, whose antiquity is in many 
places iinquostiouablc, which repose on the bare skeleton — ^tho rocky framework of tlic 
earth — thus occupy a fixed, a prominent, and an important place among the rocks of 
which tlie earth’s crust is made up. They also mark a strange and dark passage from 
that state which has been mentioned as chaotic to a condition of regular and quiet 
deposit ; they are, however, so far as wo can toll, and with reference to other i-udi- 
mentary rocks, a::oic (lifeless) ; but they form a class almost as widely spread, and as 
distinctly universal, as the granitic rooks themselves. 

Wo suppose, therefore, that at the t ud of the first great period of tlic earth’s historj’, 
it existed as a glohc, perhaps of somewhat larger diuicnsions than it is at present, but 
stiU partly covered by water, aud surrounded by an atmosphere. Of the land that rose 
above the surface of the water, some portion even then exhibited a distinctly stratified 
appearance, and the thick masses of strata rested on huge bosses and peaks of granitic 
rock newly forced up by constant hcavings of the liquid fire beneath. On their surface, 
however, all was then bare and desolate— not a moss, not q lichen covered the naked 
framework of the globe ; not a sea- weed floated on the broad ocean ; not an animalcule 
was present in the whole of the wide expanse — all was still, with the stillness of absolute 
death. The earth was prepared, aud the fiat of the Creator had gone forth; but there was 
as yet no inhabitant, and no form of life had hecii introduced to perform its part in the 
great mystery of creation. 

There was, however, we may he assured, no long interval between the moment when 
organic life could exist, and that in which various tribes were introduced, adapted to the 
peculiar conditions of the land and water. The early Silurian animals obready alluded 
to were, it is supposed, among the first, if not the vSiy first created ; and among the 
groups already known, we find that tribes exliibiting the lower degrees of organization 
generally preponderate so far as to be really characteristic. Thus, for example, in the 
lower Silurian rocks arc described some fiicoids or sea-weeds, not a few plant-like 
animals, scarcely removed firom the sea-weeds in point of organization, a few coral] ines, 
and some stony corals, together with a vast multitude of cncrinitcs, or stone-lilies, and a 
few straggling star-fishes. The present crustaceans (crabs and lobsters) were represented 
by the trilohite, the pretty sea-shells found on our coasts by the sluggish tcrebratulae, 
and the most voracious of the fishes by the nautilus and cuttle-fish, or at least by 
nearly allied animals of this kind, some of them of very large size. The genera now 
common were then rare — some of t£)sc now rare, were then common ; but most of the 
generic forms, and all, without exception, of the species, resemWed existing animals 
only by analogy. Quito at the close of the period, and not till some thirty or forty 
thousand feet of strata had been deposited in one spot, a few fislics* remains appear, 
hut they nowhere seem abundant. Tliey were very small in size, hut ferocious and 
predaceous in their habits, and allied to tlic present shark ti*ibc. 

It appears, then, on the whole, that almost all the g reat natural groups of>vcr- 
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tebratc animals and fishes were rci)rcsciitcd in these earliest beds, and commenced tlieir 
course on the carlli at tlio same time as the most minute sea-weeds and isoophytes. 
There is nowhere any ai>pcarancc of progressive improvement— the encrinitc succeeding 
the corah animal, the trilobite coming in at the close of the cncrinite period, the 
terebratula succeeding it, and eclipsed in its turn by the nautilus. Tlic whole number 
were contemporanc'ous, and formed a group doubtless adapted, in the best possible way, 
fur the condition of tlie earth’s surface at that lime. The diirerencc of organization 
presented by th(\se animals, ^hen compared with those now living, is also small, and 
\YQ arc not at all ju.stified in assuming a higlier or more uniform temperature to have 
existed, or that there was a more widely (‘xtended sea, a different atinosphen', or other 
modifications bej'ond those readijl^’^ producible by changes in the relative i)osition and 
extent of land and sea. 

Neither does the absence of nrtain i*ace3 of animals, which in later times were 
amongst the most numerous, lead to the conclusion that any very different conditions 
existcjl in the ancient sea from those now obtaining, nor would their more absence 
enable ns to form any notion of the cause. It is because we find a number o£ animals 
luauifesLly reprcHCntatU'c^ and evidently adapted to perform the same ])art in creation as 
those now existing, that wo fully sec the natures of this difference. 

Still, no doubt, the condition of tlic Silurimi ocean Avoiild have a strange aspect. 
With something of rescmhlance to the modem si^as, in tho numerous reefs and islands of 
eoi'al constantly rising to the water’s edge, and then soon destroy od by the gradual 
enlargement of a rising continent — ^with resemblance also in some of the shells of tlio 
coast-lino and tho open sea — there would yet he much very different and new. Tlic 
muddy and sandy shallop's would have their peculiar inhabitants, and the deeper banks 
would be covered with trilohites *, while myriads of these unsightly animals, some of 
ihem of gigantic proportions, would float in clouds in the ^\alor, sci’king food, swimming 
with their backs do^Tiwards, aind ready to sink to tho bottom at the slightest approaicli 
of danger. Faithor out at sea, and attached to the rocky bottoms, wc should have the 
elegant forms of the sea-lilies waving their living stems and branches, and stretching 
out their stony net-work to entwine and apxjropriate whatever eamc within reach. 
Darting through the wfitcr in (ivciy direction, and of almost every size, the voracious 
cuttle-fish of that period woultT devour the softer and crush the harder paiia of almost 
every species then living, and perhaijs of the less powerful individuals of theii* own 
race. fcJomo of these — two, or even three fijet long, speax-shaped, with large fins and 
Ijoiig spreading arms, terminated with the most frightful weapons — ^must have been the 
tyrants of the deep-; while others, of a rounder shape and less active habits, would have 
little chance of escape, except in the power tlioy po.ssesscd of instantaneously droi)ping 
to the bottom, and perhaps hiding thomsolvcs in the mnd. 

Sewonian oa: Old Aed Sandstone Period. —In Devonsliirc and C!ornwal], on 
the Dhine and in various other ports of Western Europe, in Eastern Europe aud some 
pai'ts of Asia, and again in many plaices in -\merica and the largo islands of the Soulhcni 
Ocean, there are found very extensive deposit, consisting of sandy and liinddy 
beds, overlying the j^ilurian rocks, which thus pass insensibly into these beds of a 
newer period. Elsewhere in England, in Scotland, in somo parts of Itussia, and 
America, the close of the Silurian period was succeeded by a time when a vast muss of 
rolled material, consisting of quartz pebbles and other fi:agmentary rocks, was deposited 
in a spot now forming port of Scotland, and in what is now Herefordshire. Most 
.probably the deposit of this vast mass of detritus, with occasional bands containing 
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numerous remains of fishes, was one consequence of a considerable ux)hcaYal of land in 
the northern hemisphere, producing a succession of resiatloss waves, which not only 
swept along the gravel but shavi^d clean the surface of the rocks thc}*^ passed over. 

In this way were formed the contemporaneous deposits of the JDwoma/l^ m7.;jv*an(l 
the Old red eandatone : the former muddy and calcareous, containing corals, shells, and 
trilobites ; the latter sandy and gritty, and, where exhibiting fossils at all, liaving 
chiefly the remains of fishes. 

It seems likely that the whole, both of the Silurian and Devonian period, was maikcd 
by the elevation of European land, and perhaps also of land in Nortli America, Australia, 
and elsewhere, where these rocks occur. That such a view is correct seems probable, 
l)artly because all the coral banks of the period i^st have been fringing reefs, and 
partly because of the amoimt of volcanic action known to have been going^on in our 
own country and elsewhere at this time. In the same way, too, it seems easiest 
to account for the conglomerate of the old red sandstone, which may possibly have 
been drifted into hollows, and thns have obtained the vast thickness sometimes 
observed* But the elevations- must have been numerous, and perhaps accompanied by 
corresponding and not distant depressions, in order to produce some of the pheno- 
mena of this singular pciiod. 

During the Devonian period there ^xisted in the seas a number o£‘ fishes of a very 
remarkable kind, in addition to a multitude of less highly organized oasimalk resembling 
the Silurian groups. I'Ik'so fishes arc interesting, not only as giving; usi an msight into 
the condition of the ancient seas in this respect, but also in tlfiur' eompoanson with 
existing species. 

At the present time there are various ways of grouping the diffisrent tiibt's of fishes ; 
and Hiesc, of cotitsc, depend on some characteristic peculiarities of structure, leaking, 
however, all known forms, extinct as W'ell as recent, it is found that the skin, or rather 
the hard covering of the skin, coTTcsponding with the skeleton of less^ highly organized 
animals, affords a character which may be made extremely useful, if it be not actually 
sufficient. Thus almost all the different kinis of fishes have scales-;, and these arc 
cither coated with enamel, such as the skatc^ the sliark, and the stuargeoii, or arc 
comparatively simple, not being coated with any hard substance, as is the ease with the 
common fishes round our own shores. There oi'o four principal vaxmtms'of'tb.estiruclurc 

of the scale, two bclsnging 
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1, riacoid; 2, Ganoid; 3, Ctenoid; 4, Cycloid. 


to each of the above pecii- 
liaritii's ; and though at pre- 
sent but few of the fishes 
can be referred to the first 
two, yet,, on the other lumd, 
idmost all those found fossil 
in the oId(.T i-ocka are of 
these kinds. 

The annexed dmgnim will 
sliow ip some degi’co the state 
of the case. The small hooked 
scale represented in No. 1 is 
that belonging to a group of 
T\'hicli the shark is a well- 


known instance. Sharks are now by no means rare ; but in ancient seas, especially 



80 


STRUctuRE AND GROUPING OF FISHES. 


those of the earliest epoch, tliey were incredibly abundant. The scale No. 2 is singularly 
different, because, though hard and bony—thc bone on these suifaces resembling that 
of tlic tooth rather than any other kind in its closeness of texture — ^it is smooth and 
an^ilar Ibrming in the bony pike (a singular North American lake fish) a complete 
and connected coat of armour of the most perfect kind. [The animals tlius clothed arc now 
extremely rare, but in the ancient seas were the common, if not exclusive, inhabitants. 

Oil the other hand, in Nos. 3 and 4 wo have figures 
of the scales of fishes now familiar. Of these the perch, 
with its comb-like fringe (3), is^thc representative of one 
large group ; and the salmon, having a smoother and more 
roif^dcd and entire margin (4), "of another equally lai'gc 
and now no less important. Of the fishes having these 
two kinds of scales not one representative has yet been 
found in the older rocks ; and although it may be that 
large numbers of species less defended with bony armour 
have been destroyed in the lapse of time and by iiumerous 
aceidemts, it is yet unlikely that, where so many far more 
delicate and more easily-injured animal substances have 
been preserved, si^e at least qf the scales should not bo 
met with. Such, however, is the case ; and, practically, 
wc have only to deal with the two first-named divisions 
of fishes in the Palaeozoic epoch. 

Another peculiarity of fishes tlint has been noticed is 
the mode in which the body is terminated and the tail 
attached. In the shark, and generally in the x)lacoid and 
ganoid fishes, the back bone is continued into, and foi-nis 
part of, the tail, which is thus unsymmctrical (see amicxcd 
woodcut, Fig. 1) ; while in the modem fishes, in most cases, 
the tail is a mere fin, cither double, as in the trout (Fig. 2), 
or single and rounded, as in the wrasse (Fig. 3}— a common 
fish on the English coast, sometimes called old wife. Here, 
as 4n the scales, a marked difference exists between the 
prevailing form in modem and ancient times. All the old 
fishes have tails like the shark ; most of the modern ones 
resemble, in this respect, either the trout or wrasse. 

During the dei)Osit of the rocks of the Devonian period 
several very odd and uncouth fishes, covered with bony 
framework, and belonging to the ganoid division, not only 
existed, but appear to have been the almost exclusive 
inhabitants of the deep. Of these the figure of the 
pTERicnTiiYS (wing-fish), as given in the annexed group 
of Devonian fossils, lb itself sufficiently curious. This 
animal was one of a group remarkable for the largo size 
of ^the bony plates compared with that of tlio animal, and 
also for the distinct and peculiar forms of such plates. 
There were also bony coverings to the fins, and a projecting 
tail, giving the appcaranco of a winged animal, although 
there cannot be a doubt that the fish-like character was perfect. Several species, also 
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enveloped in hard cases, but more like tlic existing tribes, accompanied the ptcriehthys ; 
and there was also one, tho Coccosteu^, so called from the bony-like tubercles with 

GROUP OF MIDDLE PALAEOZOIC FOSSILS. * • • 



PTERICIITRYS CORNVTL'«. 


which tho largo bony plates wore covered, and of which numerous fragments have been 
obtained, chiefly from the flagstones and other beds of the old red sandstone of Scotland. 

INORGANIC NATURE.— No. III. 
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Another group of these ancient fishes is remarkable for the great magnitude of the 
fins, and the fact that those fins on the back and below .the tail are double. 

The jaws of most of these animals are provided with sharp-pointed teeth. The head 
waft, as it wSrc, inelosed in a cartilaginous box, coated with enamel ; and the scales on 
the body arc Sometimes so disproportionately large, thiit they do nqt eseecd six in 
number .between the head and tail. These &hos probably swam more .Tapidly, and 
perluips ii&abitcd deeper seas, than the others; but they werc>t}f -siae, and but 
a smdl njimber of genera have yet been detected. Similar t«Sies.4filargcr size, and 
ra;Qrejpowerful, appeared towards Uie close of the period. ^ 

/Althqi]^, in the nature of the mmerOl accumulations during rthoiDayonian period, 
we seem, to ’have an intimation ^ the oxistenee of land near oiyTpi>esent. coast-line in 
various parts of the world, yet there is none of that evidenee whi^^lha actual cxistenc(‘ 
of tlie very inhabitants of land gives, until wc reach quite the close*. Of tthe period, and 
come to the carboniferous rocks. In Dcvonriiin^, indeed, and pctlM|p8 ;in Ireland and 
elsewhere, vegetable fossils arc found in the older shales, marking the ^pot where land 
first appeared ; but these must be i*('gardcd as exceptions to the nsuiUiGonditioa. 

Wc arc not, however, to suppose that, because there is for the most part an absence 
of land fossils in the Devonian rocks, thcix: was therefore little laud at that time above 
the surface of the sea. ^Nothing can bo more likely to lead to error than this hasty 
judgment firoin first impressions ; and in the case under consideration it is most likely 
that, during the whole of th<i Silurian and Dt'vonian i)eriod, land had been increasing 
in the northern hemisphere— that at the close of the Devonian pc riod it attaint‘d a 
maximum, and that, immediately afterwards it began to sink. But this eaidy land ak as 
not placed where wo can now find actual tiucos of its existence. Perhaps it was a first 
Atlantis, occupying a vast space now covered hy the great Atlantic canal scpaiating 
Europe and America. 'It is, however, possible that a portion of XortboiiiJiluropc was 
even then elovated. above tbe sea, and formed dry land. 

RiO0liS'aiiiaiihwttll0 oftthe Caxbonifiomis'gK^Xind.'—The.first'greatindicari^^ 
of chan||e that presents itself, vdth regard to the movements, then going on, is seen in 
the formation of those numntain masses of corsil found in various x>laees, not only in 
England, hut iu. other •ports of Europe, and in America. Theso afford {oroof of a seru's 
of altematioxb of level; and the presence of vegetable fossils, sometimes associated with 
the limestone, show that there had already commenced that abundant v(‘gctable life so 
characteristic of the later portions of the carboniferous period. 

The Carhoniferotia or mountain limestone may properly be regarded as tbe base of the 
whole carboniferous scries, although in Ireland there is'a peonltar sandy deposit, and in 
many Other parts of Europe a dirty shale between the limeotonc .and the Devonian 
rocks. Few geological formations arc more markod 'W /more tunifozm indbOir peculiar 
characters, and none is more important, .in.wn/.eeonomic sense, thaniihe earhoniferous 
series; and, as the oiduiagy:1ioriB-*iff{1hi8iserie8,tlim>oathomforoiis:Umestcm6 possem^ 
great interest. Most of Ihc limcstonee^tlhisiiperiod are eitiier ccmilline or derived 
from the fragments of marino animals of other 'ldnds,«imd:inriinnt0ly.i^ with 
coral. They arc therefore essentially fossiliferous. Their thidaess varies, but often 
amounts to a couple Si thousand feet, and the rock is usuoUy'bard, considerably altered 
from its original condition, and contains in its crevices numerous crystalline minerals 
and ores of lead and zinc, with other metals. In picturesque features it is also well 
marked, as it is frequently abrupt and fragmentary in its appearance, with fine escarp- 
ments, lofty cliffr occasionally overhang i n g , and a rough, weathered surface. 
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Witli such features the carboniferous limestone is recognised in Derbyshire, Devon- 
shire, and Yorkshire, Riid North Wales. It is reproduced on the Continent, in the* • 
upper valley of the Meuse, and in some parts of Russia, and again in Canada on the 
western. shores of the Atlantic. In a loss picturesque form, hut still pctfqptly rosog. 
nisable, it occupies large tracts in Ireland, Germany, and the western statbs of the 
Union in North America. It everywhere abounds with fossil remains, many of tlieni 
extremely interesting. The adjoining page contains a number of these. 

Above the carboniferous limestone a deposit of hard coarse sandstone super^xmos, 
frequently, in England, of such a nature as to be valuable for millstones, and thence 
called tnillstone grit. It often contains bands of coal, though these arc usually thin and 
of small value. It is a somoWhatloe^ deposit, being almost conhned to England, and 
forming indeed little more than a sandy base of tte coal measures. It contains no 
characteristic fossils. 

Next in order comes in that great and important scries of sands and shales whose 
association with available mineral fu(d render them of infinite value to every countiy 
in whiel^they arc found. These beds, caRcdtlie coal measures^ are often the only, as 
they arc always the most essential, representatives of the great carboniferous series, 
whosc-title is hence derived. Theyrore^widoly. distributed in England, Wales,'^Otland, 
and Ireland; in Belgium, ^France, and jin many^parts of Western' iin 

Bohemia, Baxony, and Silesia; omtheihai&s of the Don, on the shores. 

Sea,, in various parts of Asia aad'in thoiitiflnds of the .southem seas. ‘Sinmar (dapudits 
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of the same geological age, and of still greater extent, occur in several parts of North 
Amcrkia, both on the eastern side and in the great Mississippi valley. Thitfughout 
these wide tracts available mineral fuel occiu^ in association with peculiar shales and 

grits, and always with the same association 
of vegetable remains. Tlic nature of that 
part of the vegetation of which fingmclhts 
are preserved is peculiar ; but it is 
important ito ihoar iin iniinfl 'that in such 
mattesB ithO'Ahsenoc •. . ewtiin forms affords 
no real proof .'Of their inot 'having existed, 
unless we aro,flko Able^to determine actual 
proofs of the cxist^ec of others representa- 
tive of them. 
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In addition to tho usual clays and sands, whicli formed the ancient land and sea 
bottom of the carboniferous period, and in which ai*o often found the trunks of trees 
buried with their roots, or standing upright, turned into or incased with stone, it is not 
unusual to meet with very coarse conglomerates in the coal measures, with«which^c 
bands of pure limestone occasionally alternate. Thus, at Ardwick, neafl: Manclicstcr, is 
a fossiliferous band of this kind; and another at Burdic House, near Edinburgh, pre- 
sents numerous organic remains, chiefly of Ashes. It also occasionally happens that 
sandstones of various degrees of coai'scncss form almost the only materials associated 
with the coal. 

The coal measures and underlying beds have been so greatly and repcatediy broken 
asunder, and shifted from their original position in Ei^land, where coal was first exten- 
sively worked, that such disturbances of stratification have often been regarded as 
essential to carboniferous rocks. No opinion can be more erroneous, as there arc vast 
tracts in many districts where the coal is very little inclined to the horizon, and is 
by no means subject to faults even of the moat tiifling kind. 

Tlio «rholc Carboniferous period may be considered together in reference to the 
natiu'c of animal and vegetable life at that time prevailing. Thus, although there are 
not wanting in the limestones, both of the Silurian and Devonian periods, some con- 
siderable number of coral^nc remains, there are no such accumulations hitherto known 
as to compare in extent or variety with those of the great bands of the mountain lime- 
stone. These indeed would seem to have been only paralleled by the somewhat similar 
formation now' going on in the Southern Archipelago, and it seems by no means impos- 
sible that the general condition of the northern hemisphere, at the time we are consider- 
ing, may have approximated to that of the southern hemisphere at the present day. In 
this way, many of tho most singular diflbrcnccs observable in the animal inhabitants of 
the sea, and in the vegetables of the land, are best accounted for. 

Besides the corals, there were many shells and other marine animals of low organiza- 
tion existing in these ancient seas, and they were peopled with a multitude of fishes, 
some of which approached in many important characters tho true reptiles ; and indeed 
w'C have distinct evidence of the introduction of reptiles during this period, though 
their remains arc few, and belong to animals of small size. The passage l^m fishes 
into reptiles, indicated by the fishes of this period, is axcccdingly interesting. 

One of these, called, from its large proportions, compared with the other fishes of its 
period, Megalichthys^ or the great fish, w'as even more remarkable for its robust propor- 
tions than its actual size. Its head, jaw's, and teeth wore especially formidable, the 
latter being sometimes as much os four inches long, and nearly tw'o inches broai^ at the 
base — dimensions rarely attained even in the largest known reptiles. Tho bocty was 
covered with scales of corresponding magnitude (some of them five inches in diameter/, 
and seems to have been well shaped for rapid motion through the water. Tho skeleton 
was bony and strong, the tail very powerful, and everything indicative of great 
strength, vigour, rapidity of motion, and eminently carnivorous habits. 

Another very remarkable fish is called^ fix)m the 'wrinkled appearance on its scales 
and bony covering, Hokptychiua,'* There is a nearly perfect specimen of this 
animal, measuring as much as thirty inches long without the tail, and the proportions 
are singularly massive. The head is small, but the unclothed jaws — covered with hard 
enamel instead of skin — are lined ‘with a double row of teeth ; the outer range thickly 
set, and fringing the enamelled edge of the mouth; the inner ones wider apart, and 
more than twenty times as large. 
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The scales coYcring the body of this animal singularly resemble those of reptiles, 
and might have served for the defensive armour of a crocodile five times as lai'go as 
the fish. 

*But these wore not the only fierce and powerful inhabitants of the sea during this 
period. No less than sixty species, belonging to various genera, but all of tho shark 
tribe, and some of them of veiy large proportions, are known to have existed by the 
fossil remains discovered in the various limestone and other rocks, chiefiy in England 
and Ireland. 

This nimibor is very much greater, and the fragments indicate a group of larger 
animals than we find charactcriiang the old rod sandstone. They were also essentially 
difierent in many important I’ospects from the reptilian fishes ndready described, and 
instead of having a secure casing of enamel, and inipenclrablc def(‘nsivo armour, their 
akin was covered only at intervals with small and detached plates. There can be no 
question, from tho analogy of recent animals allied to them, that these were the most 
powerful, the most rapid in their movements, and therefore the most important of all 
the inhabitants of the sea, and being probably, in most cases, the attackers, they did 
not need tho contrivances for defence which arc found in tho heavier and less mobile, 
though more massive sauroid fishes. 

Like the existing sharks, it is most probable that these fishes required to turn them- 
selves round in tho Avater, while in the act of seizing their prey, in consequonco of the 
mouth being on the under side of the animal. For the puiq^oso of being enabled to 
make this important movement with groat rapidity and precision, they wore, however, 
provided Avith a bony spine, connected, no doubt, with a fin, and inserted on the back. 
Those spines, found in the Port Jackson shark, are not fastened to any bone, but are 
simply inserted in tho flesh, and worked by strong muscles. They are very commonly 
found in a fossil state. ^ 

See, then, the change that had been effected towards the close of this period. Tho 
corals and encrinites remained, and the number of species liad greatly increased, but 
those originally introduced had long since died out, and \roro succeeded by others 
resembling them, but not by any means identical. Tlic trilobites had almost ceased to 
exist. The tcrcbratula and other allied forms of bivalve shells had greatly multiplied 
in species, but tho number of generics forms had diminished ; and, on the other hand, 
tho number of generic forms of tho other mollusca hod gi*catly increased. Tho cepha- 
lopoda Avcrc still numerous. But the fishes arc the most striking group. Tho minute 
but fie^e and voracious species, which first marked the introduction of these animals, 
became succeeded by a clumsy and awkward race, heavy, slow, and only adapted to 
food on the crustaceans and shell animals inhabiting tho shallow water near shore ; and 
these were defended by strong plates of armour, or delicate but perfect coats of 
mail. Then camo the more predaceous, more powerful, and more rapid species (still, 
however, armed in the same manner), and then succeeded the sharks— tlio moat remark- 
able of all for their locomotive powers, and their fierce and voracious habits. These 
were, however, associated with monstrous and enormously powerful spocics, well fitted 
to resist their attack^fpby tho possession of defensive armour, like tho plated maO of a 
large croeodile. There is no time known at which fishes so preponderated. There were, 
so far as wo can tcU, no groups ever introduced which exceeded these in the most 
remarkable pointa of development ; and this, therefore, may well be called- the age of 
fishes.*’ 

But we have also indications of the land, and tho vegetation with which it was 
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oipthed. Thcso aro associated with hods of coal, the existence of which is almost, 
if* notj.'absplut(jly, confined to the geological x>criod we arc now considering, and 
which aro met with in abundance in our own country, in North America, and also 
more rarely in various other parts of the world, — in Europe, Asia, and Aii^redia. 

Nothing is more certain than tlie true vegetable origin of coal. It Jias ficwi deter- 
mined by"obscrving the general conditions under which the mineral occurs, the fossil 
remains associated^with it, and by actual microscopic structure. Coal is altered and 
compressed vegetable matter, an accumulation of trees and of various other plants con- 
voyed' by some vast rivers, or living 'near a lake in ancient times. It is associated 
with many beds of sand nnd mud, wliich contain sometimes the impressions, some- 
times the remains, of leaves and trunks of trees. The coal exists in many beds 
varying in thickness from a few inches to thirty sr even fifty yards, and covering 
areas often amounting to many square miles, and sometimes to many thousand. 
But the thickness and (jxtension give but a faint and imperfect notion of the 
quantity of vegetable matter belonging to tlie period ; for a vast proportion must 
have died and imdergonc decomposition without forming coal, and the great com- 
liression ^he whole has since undergone has much diminished the thickness of any bed 
deposited. 

And the kind of trees — the nature of that vegetation which clothed the land in the 
northern hemisphere duiiifg the deposit of what was afterwards to become coal, — ^this 
is an inquiry of very great interest, and one winch the fossils of the sandstones and 
slaty beds, amongst which the coal is stratified, serve to dccidt; to a great extent, if not 
absolutely. 

The first thing that strikes one, in looking at those fossils, is the singular prevalence 
of fem-leaves, and the total absence! of such Icavt's and wood as characterizes the great 
majority of the forest trees of the present day in our latitudes. It is a very singular 
and interesting result of tho*invcsligations of naturalists on the subject of the distri- 
bution of plants upon the earth, that the region which most resembles this ancient 
condition of Europe includes very nearly our antipodes, being confined to parts of 
Australia and Van Diomen’s Land, Now Zealand, Norfolk Island, and other parts of 
the south temperate zone. 

But although in these distant spots we do undoubtedly find a gi-oup of plants 
somowhot'simDur to those of the coal measures, and the*dark ferns there take the place of 
our more cheerful grasses, growing in rank luxuriance into forest trees, and associated 
with palms as- well -aS' firs and pines, yet there is, after all, only a very general resem- 
blance ; nor is it likely that the ancient condition of the northern hemisphere greatly 
resembled tUc present Polynesia of the South Seas. One of tlie most remarkable 
characters of coal fossils consists in the gigantic proportions of some gi-oiips of 
idants now unifeindj:. snudl ; but the rcsemhlancc, after all, is only distant, and we know 
but little yct'^ofttte ttwvaluc of the differences observed. 

There airey ixtiailiroiVm coal, three well-marked generic forms of forest trees, and a 
gigantic the numerous tree-firos whose leaves or fronds abound in cvciy 

coal district. Of these, one approached* in some respects to the club mosses ; one is 
exceedingly different from any existing tree, but was jirobably couiferous, and most like 
plants of the Zamia tribe ; and the third resembles some of the singular pines of 
Norfolk Island. The coniferous tree, of which we know scarcely anything, was, it has 
been, sometimes thought, connected with a singular but very abundant stcm-liko fossil, 
which has been supposed to form its root. 
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In order to realize, as far as possible, the ancient condition of our hcuiispheft;, 
at the close of the carboniferous period, let the reader picture to hinisclf a totally 
different arrangement of the land, which wus at that time exposed to great changes 
of Jovel, and which, after long descending, had been partly uplifted ; so that a mul- 
* • titudo of islands were studded 

over the green waters of that 
& ^ ancient sea. Resides the islands, 

a m there may also have been con- 

a tinuous land, having a coast 

• line 'indented by numerous in- 

A W ^ lets and eslmirics ; while large 

B E tracts of the interior were under 

^ B g water, and rivers and mountain 

^ sti'carns partly drained and 

% partly inundated the low’ lands. 

^rho w’holc of the interior may 
Wr have been clotlicd w’ith dense 

M H forest, whose dark and gloomy 

^ P B foliage, chiefly of pines, was 

M @ only occasionally iutciTiiptcd 

M by the bright gi’ccn of the 

swamps in the hollow’s, or the 
brown tints of the fern cover- 
^ ^ ing, instead of grass, the dis- 

Jpr tricts near the coast. In this 

^ tbrest there w’cro doubtless 

^ many different kinds of vegeta- 

tion. AVc should, how’’evor, sec 
in one spot a group of lofty and 
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elegant trees (the so-called I^idodendron)^ with a delicate tracery of fironds, clothing, 
in the utmost luxuriance, the slender and drooping branches which waved with every 
breath of wind. At a distance, in the more swampy places, the Galamites— the 
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ofborescent reeds of this period — would be seen in clumps bearing aloft their singular 
branches and yet stranger leaf-like appendages, and standing stiffly up in a mono- 
tonous uniformity. 

Not far off, and perhaps close to the moist places where vegetation was^ost rank, 
the SigiUaria would 
appear— a lofty tree, 
with a taperingiand 
elegant trunk, with 
leaves only at the top 
of its perfectly bare 
and naked stem — a 
fluted column rising 
simply from the 
ground to a great 
height, and then 
crowned^with a mag- 
nificent head of bright 
green foliage, like the 
recent Zamia. Per- 
haps this column rose 
from a circular and 
massive base, spread- 
ing out arms in every 
direction, and exhi- 
biting in the roots 
those branches which 
were certainly absent 
from the stem. thee i kex. 

But the tree ferns, 

and trees resembling the Norfolk Island pine, would probably be the most striking 
features in the landscape. They would occupy a prominent place, and their fallen 
leaves and trunks would perhaps render the forest alipost impassable ; but they would 
also be dotted at intervals over the distant plains and valleys, which were probably 
clothed with humbler plants of the same kind. These trees would exhibit rich crests 
of fronds, each crest hanging down gracefully over the trunk, and many feet in Icngtli, 
and the whole of the lofty forest ti'ccs would bo girt round with innumerable creepers 
and parasitic plants climbing to the topmost branches, and enlivening, by the bright 
colours of their flowers, the dark and gloomy character of the great masses of 
vegetation. 

Forests such as these arc remarkable, even at the present day, for their dealh-like 
silence, and the almost total absence of hmd animals. A few birds and insects form the 
whole animal population, and no quadruped is fmmd over extensive districts. Such 
was strikingly the case during the coal period. Vegetable life was infinitely abundant, 
but, with the exception of a scorpion,' a few small freshwater sh^^ and a few crusta- 
ceans, wo know of no terrestrial or lacustrine animals ; and we find, tt^forc, that while 
the sea was then the habitation of fishes of considerable magnitude, anid of high organi- 
zation, on land there existed only vegetable life in abundance, and no highly organized 
^mals appear to have been yet introduced. 
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After the deposit of tlic coal, a niimbor of buds succeeded in most parts of the worM, 
during a period when there seems to have been great and constantly r(*pcatod disturb- 
ance. The seas became less fitted for the larger fishes, and reptiles began to be intro- 
dugpd. TJiOKlaud bocaimj fitted for a somewhat different kind of vegetation, and the 
general l)hysieal features of the gi-eater part of the existing land were then determined. 

Permian Series. — ^Tlic rocks immediately ovt^rlying the carboniferous scries, and 
completing the Palaeozoic epoch, are represented in England and wcsteiiLEiu'opo by irony 
sandstones and magnesian limestones, with few fossils. Those formed but an indistinct 

•series, until identified 
u ilh a large and intor- 
estirg representative 
gi-oiip in the ancient 
kingdom of reiTii, in 
Ivussia, first described 
by li^ir Roderick J^Iur- 
cliison ; but Jlio whole 
are now generally ri»- 
eognised as the Per- 
mian system. Some 
peculiar mineral conditions in tHcse tneks^ and certain fossils, sufiiciently separate the 
group from tlie carboniferous rocks, audlatliio some time fail to connf^ot them wuth the 
oldest hi^dS'ofi’tho 'snKindAT^rt'xieitod. TStty thus^itffnaiuttlie uxipennost and newest of the 
Pala)ozoic swies, 'without ikdlbatitfg a passage to the overlying ropks. 

In England, the PennUai' rocks fbrm a fHIngc round the northern crop of the coal 
measures, but disappear in the south and west. In France, they flank the Vosges 
mountains, and they have been traced in Germany and lielgium ; but tbeir chief dc-To- 
lopmoiit is, as has been said, in Tliissia. The mineral ebafacter varies but little, except 
that among the sands are occasionally tliin bands of coal, and sometimes dt'posits 
liiglily cupriferous. The thickness varies, and in some parts of th(i Hartz inonntaiiis 
is as much as one Uiousaud yards. 

It was at one time a point of chief interest, in regard to these nicks, that the 
organic remaius of reptiles -wero^ found in the magnesian liinc'stones. Similar and other 
fragments have, however, recently licisn found in the true coal measures in various xdaoes ; 
and there can no'NV be no question that several genera of these animals belong to the 
coal period, and may porha])s ho traced back to periods much more ancient. In addi- 
tion to the roiitilos, several peculiar and interesting remains jj# fishes have been found 
in the magnesian'lime.«itono, and numerous small corals and snells. 

Hecapitulation.— Wc have now traced the history of our globe, from the time when 
only a few marine wonn.s cra-wlcd on the mud and sand of the newly made shores of a 
great ocean, through a period when Ihero were other low forms of animal stnicturo, and 
when marine vegetables or sea- weeds abounded. We have watched the appearance of the 
new-comers as they have presented themselves one after another, or in groups, and wc 
have scon Ilow different, and yet how like, they were, when compared 'with the present 
tenants of the sea. Wo have, in tliis way, obtained some notion, however slight, of 
tho fiist doubtful and misty appearance of light and life in the morning of creation, as 
such appearance) has by slow degrees become visible and appreciable to our senses. As 
time went on, however, tiipt'trilohitos — ^tho terebratulai— the shell-fish of various kinds, 
one after another, become iMindant and characteristic, and then died away, while tho 
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nautilus and cuttle fish, or animals nearly allied to them, reigned undisputed lords of 
the ocean. At length, however, the reign of these animals also draws to a close, and 
fishes — creatures more highly organized— -begin to appear. At first they arc small and 
powerless, in comparison with the existing monsters of the deep ; but tlicy sSoi^ increased 
both in number and dimensions, and seem to have delighted in the troubled ocean, 
in which the great deposits of the old red sandstone were formed. For a long time 
the loss perfect df the gi*oup seemed to prevail ; but these were gradually displaced, 
and others more vigorous and more powerful succeeded them, and fiouished till 
towards the close of the period. 

While these changes u'cre going on in the sea, the land also was attaining a more 
perfect adaptation, and becoming prepared for fhc residence of animals ; but there scorn 
to have been few, if any, of high organization, even among the Invertebrata. 

Just at this point the fimt reptiles appeared, and we close tlic present portion of 
oiu* history witli a distinct intimation that the great work of nature was progressing — 
that th§ earth, long the habitation of one group of animated beings, was shortly to 
receive uf)on it another s('rics possessed of higher organization and greater physical 
powers, and better fitted to the futi^ conditions of existence. 

secondary epoch. 

Hew &ed Sandstone Sezies. — The transition fi*om Palmozoic to Sccondaiy 
rocks is by no means strongly mai'kcd by any mineral peculiarities, but the fossils found 
in them, even when the deposits arc most evidently continuous, arc considered to 
justify the separation. They are not only different in minute peculiarities, but indicate 
a total change in the chief conditions of existence, and probably the lapse of much 
time between the termination of the one and commencement of the other scries. This 
time may have been largely occupied by movements of depression, as far as the chief 
European and American districts are concerned ; but it is cci-tainly remarkable that no 
distinct passage has yiit been traced anywhere from tho lower to the upper part of that 
series of sandstones which was first deposited during the PalaBozoic period, and after- 
wards continued in a manner exactly similiir into the Secondary period. 

The new red sandstone, or, as it is often called, the 1 riossic series, includes, when 
fully developed, two groups of sand-rocks with occaavnal marls and much rock-salt, 
parted by a bed of limestone. The lower sandstone, called in Germany liunter-sandfttein^ 
and by llie French grh higam\ is often of varibgated colour, and contains numerous 
fossil plants and a few shells- It is tolerably uniform in its mineral character, and is 
very 'widely spread over ^'earth’s surface. In England it appears os an irregular band, 
parallel to and near the coal measures, with which it is almost alwa 3 ''s unconformabl(\ 
It occupies a largo tract in the middle of our island, and spreads into Devonshire, 
North Wales, Lancashire, Yorkshire, and Cumberland. In France it is repeated in 
numerous loenlities, its chief extension being on tho fianks of the Vosges ; and in Ger- 
many it is very widely spread, especially in the Duchy of Baden and the Kingdom of 
Wiirtomherg. It ranges into Poland and Russia on tho cast, and into Italy on tlic 
south; and corresponcUng beds' of tho same ago arc known to exist in several of tho 
United States of North America, and in 'various parts of the Andes. 

A calcareous band, passing occasionally into a thick, well-defined fossiliferoua lime- 
stone, frequently caps the grh higarri^ especially in Germany and some parts of France. 
It is called mwehdhaXk (or shell limestone), and in tho Duchy of Baden attains a thick- 
ness of nearly a thousand feet, being cqui'valent to the greatest thickness of tho under- 
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lying sandstones. The chief fossils of the new red sandstone scries occur in this lime- 
stone bond, which, however, is absent in England. 

The upper new red sandstone, including in England numerous bands of marl and 
lai^ deposits of salt, and elsewhere remarkable for marls of various colours {marnes 
imees dt Eranee, and keuper of Germany), is widely spread in Won- .‘stershive, Cheshire, 
and Devonshire. It is almost always nearly horizontal, and reposes unconfomably on 
the coal measures or other Palaeozoic rocks. Pcsidcs common salt, beds of gypsum, 
sometimes very thick and extensive, are found with the sands in England and elsewhere. 
The total thickness of this part of the series readies in Germany to nearly 1,200 feet, 
and, though generally without fossils, many continental localities not only contain but 
are rich in organic remains, chiefly conSisting of transported shells ef marine animals. 

The new red sandstone was long remai'kablc as the rock which contained the fii-st 
distinct proofs of the existence of large air-breathing animals. At first the evidence of 
tliis was confined to foot-prints in the sand rock, supx>oscd to have been made by birds 
and reptiles, but since then the actual bones of many reptiles have been foj||^d, and 
any doubts that may have existed on this subject are finally set at rest. The Laby- 
rinthodon (see p. 93) afibrds rcinaikable proof of the general correctness of the first 
impressions of competent natiu-alists on this head, and there is little doubt that similar 
satisfactory proof wiU some day be obtained as to the existence of birds during the same 
period. Footmaiks, at least, have been detected, which it is scarcely possible to refer 
to other animals. Pcsidcs the batrachian or frog-like labyrinthodon, of which there arc 
indications of several very different varieties, the new red sandstone also contains remains 
of turtles and of other reptiles of curious foim from South Africa.* 

The total number of extinct genera, peculiar to the new red sandstone, is not great ; 
but the variety is considerable. The plants differ decidedly, both from the Permian and 
carboniferous, manifestly approximating to the newer secondary and even recent types. 
The spongiform and coralline bodies arc few {StcUisponffia, sec group of fossils, page 93), 
but the crinoidal family is well represented by a peculiar and abundant species 
{Encrinites moniliformis). The star-fishes arc also peculiar [Uraster)\ and some of the 
bivalve and univalve shells {Mt/ophotHa and Lottia) arc sufficiently remarkable, 
and easily recognised. The chambered shells {Ceratites) approach the ammonite, having 
departed completely from the (oldcr type of goniatite ; while the fishes, of which the 
number of species is large, arc also altogether distinct from any of those found in 
Permian rocks. 

In these rocks of the new red sandstone or triassic period, we meet with distinct 
proofs of an extended coast line, and the actual remains of the flora and fauna of the 
adjacent land. In the coal measures, the plants whose vegetable fibre has since 
become coal arc known by numerous fragments, and we have also these and freshwater 
imimfllfl of various kinds ; but the analogies are obscure, and the flora is not yet made 
out to such an extent as to justify absolute conclusions. The land and freshwater 
animals also are confined at present to two or three smoIL reptiles, the foolprints of a 

* It is now some years since unmistakable proof has lieen afforded of the existence of reptiles in 
the coal measures, and it has long been felt that the evidence of footprints and markings on sandstone 
was too strong to be qiftstioned. The first actual bones were obtained from Germany, but since then 
others have been described from Nova Scotia, and latterly firom the Glasgow coal-field. All these 
appear to be referred most fitly to the batrachian or frog-like reptiles, and they seem to have attained 
their highest development and largest size in the new red sandstone. Most of the carboniferous 
species arc very small, although the one from Nova Scotia must have been nearly three feet long.— 
See ** Quarterly Geological Journal,” vol. ix. (1853), p. G8. 



GROUP OF NEW RED SANDSTONE FOSSILS. 


93 




JINCRINZTLS KONILIFOZIUIS. 




STKLMflPONOll VAaiABILIS. 



TriAFSIC LIMPET. 

srAR-pisH. {Luttia lineata). 



MTOPIfORTA LTMKAT4 


CKBATITF9 M0D09V8. 



94 


LIAS ROCKS. 


supposed bird, one insect (a scorpion), a land-snail (genus rifpa\ and a few eases of 
minute Crustacea and river shells of doubtful character. In the new red sandstone the 
plants incli^de true zamias, and approach those of the newest secondaries, while the 
rcpfile&^idust ^ve been large, numerous, varied, and distinct, and the shells begin to 
assume known forms. 

'All these points arc important, as marking the eifect of time, and that gradual 
approximation towards existing nature, which becomes more manifest as we advance 
towards the recent period. 

Compared with the older rocks, the new red sandstone is but sliglitly disturbed by 
faults, or elevated into hill and mountain. Being frequently soft, and containing 
marly beds, the sands yield admirable soil, especially for herbage, in viaious parts 
of England. Tliis sandy character is rcimarkably prevalent in most places where 
the rocks of the period have been recognised. 

Xiiasaic Series. — ^Tlic passage from the now red sandstone upwards to the lias is 
seen in England on the north coast of Somersetshire, where a white micaceous Aidstom 
overlies the new red sandstone. This hed often abounds until fossil I'cmouv oi fishes, 
and in tliat case is hhiekcncd by the presence of a large quantity of animal bitumen, 
'rherc is often only a few inches injthidmess of this deposit; but it retains its character 
for a longdistance through Eugloiid. Over it arc the qalcarcous flag8tone.s, called 
“ lower lias limestoiK’s,” alteniating with shales, and .forming the lower division of Ihc 
lias. 

The lias itself must he regarded as the aTgillacoous'ba^ of the whole Oolitic range, 
a larg(«, varied, and important series of rocks as recQgiltssAiin Eiighiud, and on the Con- 
tinent generally calh'd J iirassic, because chiefly dcvclopeUiin the mountains of the Jura, 
between France and Swilzeiland. Taken as a combined gi'onp, this series involves 
II total thickness of at least fivc'ihousand feet, of which the lias forms a considerable part, 
and consists chiefly of alternations, of limestone and Olay, with hut fi;w deposits of sand, 
and those not of gi'oat thickness. These deposits tog('thor mark a jicriod during which 
a good deal of land must have existed, and when there must also have been a good 
deal of alternation of level. Numerous fossils arc found in all parts, varying acetording 
to the circumstances of deposit, and affected by the climate, depth of water, and the 
nature of tlic distuibances of the di.strict. 

These beds arc well represented thi’oughout Central Europe, and are repeated, 
though less extensively, in Asia, and in Nor^ and South America. Our own island is 
especially rich -in indications of all kinds loading to a knowledge of the conditions of 
the earth fluring this.period. The general arrangement and distribution of the fossils, 
as fariBs it has been. detinaiiicd, will appear in the following description; but it will of 
course' be uqpossiblerAo^vo more than a very brief account. 

The hw$r 'lmB4hdky'Jikce2AY referred to os the base of the argillaceous portion of the 
lia^ is weU^iaee&ntl^^ Begis, in Dorsetshire, where it abounds with characteristic 
fossils, i^bidh^aro many of those remarkable reptilian remains ffinr which the 

oolUic ro4fcs.ai!Ci4K>^irell-kBown. Among the shells .fhereiis one cspcaifll^i^&saaateristic 
[GryphM group of fossils, page 9£|}, ^hidi gives a ^aaine tto c«mo of 

the eontempomiieous beds on the Continent. This.shttl closdy ifiimAblas.an.^ 
The AmmontUs bkukatus is also a species met with chiefly fin <iha llmarjlias ; but 
the shells of this genus are widely distributed throughout all 'iha .secondary 

rocks. 

The peculiar axvpearanco of the middle lias, as a blue argillaceous limestone, often 








96 


LIAS AND OOLITES. 


striped (whence it is supposed the name liai or layers is derived), and abounding witli 
fossils, is well shown in Gloucestershire and Leicesteraliiro. Near Cheltenham there is 
also a whitjph-gray variety called marhtone^ sometimes sandy and sometimes more 
calcareous It contains, among other fossils, numeroui remains of w'ood, thick 
masses of cncrinital remains, chiefly of a genus {JL^mtacrim^ peculiar to these beds, 
and of w'ide extent, some sea eggs {Cidari^^ many bivifidve shells, as well of 
forms resembling existing species as thffse [more cofnmon in the old 

rocks, and now dying out There arc also vast numbers of ammonites 

and bclemnites, tiic latter gtmus of chambered shells then appearing for the flrst time, 
while the ammonites are also unknown even in the new red sandstone, except in 
the modifled form of ccratites ^connecting the more tjTjical forms witli the gonialites 
of the mountain limestone and the clymenia of the Devonian rocks. ' 

The Ashes and reptiles of the lias range throughout the w’hole of the subdivisions 
of the deposit, and even extend, cither by identical or closely-allied species, into the 
upper rocks of tlic ipiddlo secondary group. They may therefore be reg^ed as 
having belonged to the period gonerally, and cannot be lu’operly referred to peculiar 
to any part. 

The upper lias— often w’orked for alum at "Whitby, on the Yorkshire coast, and 
hence called alum sJialc —is of considej abic thickness, and contains, amongst its deposits, 
a thick band of vegetable matter, in which arc found lumps of jet — a pc^culiar mineral, 
consisting chiefly of carbon and hydrogen, and no doubt of organic origin. This part 
of the lias also abounds with the fossils already alluded to as characteristic of the whole 
series. The remains of fishes and roptih's arc often so nearly perfect that it has been 
found possible to rcconstmct, from the skeletons buried in the rock, the complete fom 
of the animal, and thus bring again into view those organic forms wdiich have for 
myriads of years been extinct. I’hc fish and reptile, in the? group of fossils annexed 
(see page 95), arc instances of the mode in which. this has been done, merely by 
applying to the fossils a competent knowledge of comparative anatomy. 

The application of this knowledge, combined with a great amount of construc- 
tive talent, has produced, iu the grounds of the (Jrystal Palace at Sydenham, 
a scrlbs of groups of rcstorediupniiuals, combining the interest of romance with the 
strictest regard to actual truth«of representation. It is impossible that any one can 
form an adequate idea of the effect without seeing and studying these singular 
and striking restorations, which include almost all those species in which there is 
suffleient cvidenco of form, and sufficient difference fl-om known animals, to justify 
the tjial. 

Oolitic Seiries.— The oolitic series, as exhibited in English geology, consists, as 
has been already said, of alternating bands of limestones and clays, with very Uttlc 
intervening sandstone. The limestones almost always present a singular appearance, 
being made up of very small glohillcs not unlike the roe of a fish, 'whence the name 
roe-stone^ locally given, and translated into oolitCy as a scientific tprm. These small 
particles are found, on careful examination under a microscope, to bo concentrically 
arranged, with somq minute organic paiticlo in the centre ; and they arc assumed to 
present a peculiar kind of segregation, not unlike ciystallino action. The limestones, 
although usually of this kind, differ considerably in colour, hardness, fossil cqptcnts, and 
even in the extent to which 6icy have undergone crystalline action. They are- accom- 
panied by clays which contain some peculiaf minerals (as fullcr's-carth), but which, 
for the most part, offer nothing rcTnarkablc. 
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The following is the grouping of these rocks in detail 


Uppbr Oolites, . 


Middle Oolites, . 


(Portland stone. 

• ] Portland sand. 

( Kimmeridge day. 

• J LdEir% cue grit. 

I Oxford elaX4 

V Kelloway’imck. 


LoWEB OOLXTES, • 


Combrash. 

Forest marble. 

( Great dbUte.. 

•A ( Briglford cli^. 
t Stonesfleld Slate. 
( Fuller’s earth. 
^Inferior oolite. 


The inferior oolite^ well illustrated at Dundry Hill, Bridport, and Leckliompton, ixi 
the west of England, is also very widely distributed in France and elsewhere on the 
continent of Europe. It includes some building stones greatly used, and some iron 
ores not without value. In the west of England the available portion is a freestone 
forty or fifty feet thick, which is separated from the great oolite (so called as containing 
the principal workable beds of stone) by a series of marly beds, clays, and calcareous 
flags. Of these, the clays often consist of what is called FiiUef^s earih-~-o. variety 


OnOUF OP LOWER OOLITE FOSSIL^i. 



DYBABTEB (a SEA ritClIZN FEOX DVXDRY). 

containing a large percentage of water, and valuable, £h)m its highly absorbent qualities, 
in the manufacture of clothi The flagstones, under the name of S^nesf^ld slatej are 
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MIDDLE OOLITIC BOCKS. 


knoTO to be singularly rich in some kinds of fossil remains ; among the most remarkable 
of which are the jaws of one or two didclphinc animals (opossums) that have been found 
thercy whilst no other example has yet been met with of quadrupedal remains in 
secondaq^ fodrn of this or any newer date. The appearance of these little fossils will 
be se& fix>nf the figure annexed. 'W'ith them are aaMated numerous vegetable 
remains, consisting of leaves and fruits, some remains of insects and crustaceans, and 
many fragments of fishes and other marine animals. There are also bones and teeth, 
often of gigantic proportions, referred to land reptiles, including both vegetable feeders 
and carnivores. 

The great oolite contains the celebrated Bath-stone, and other almost equally well- 
known and valuable building material. It abounds also with fossils, chiefiy univalve 
and bivalve shells. Miuchinffampton is a particularly rich locality; and hero the 
corals, sca-eggs, ammonites, hclcmnites, and terebratuLB, which arc characteristic, are 
found in abundance. Some of the former have already been figured. 

The Bradford clay^ sometimes alternating with and sometimes replacing the gi'cat 
oolite, contains a bed on which are fo\md vast numbers of Augments, and sqmc nearly 
complete remains, of a singular crinoidal animal, called the apiocrinih', or pc’ar cncrinitc. 
It closely resembled a species figured on the following page, but was shorter and perhaps 
rather less elegant in form. The whole of this lower scries is rex^resented in Toik- 
shii-e by ironstone nodules, and hai*d blue fossiliferous limestones. 

The wrnhrvaih and forest marhle^ covering the great oolite, consist of limestonisain 
various conditions, often decomposing, hut sometimes semi-crystallmc. 

In France, the fine and valuable limestones of Coen, in Noromndy, belong to fhk 
lower part of the oolitic seri(*s, and contain similar fossils ; and in G ermany corresponding 
beds arc known to exist. In some pacts, both in our own country and elsewhere', the 
lower oolites contain very important deposits of coal, which ai-c rc'prcsentcd in York- 
shire (England), and extensively worked near Bichmond, Virginia, U.S. The coal 
fields of India appear to include some beds of oolitic age. 

The middle oolite is almost ns varied and subdivided as tbc lower. Kellf^ay 
roch^ which has been long known, forms the base of the deposit, and, though paltry in 
England, assumes importance from its continental dct^clopment. It ia a kind of 
calcareous sandstone, abounding in oigonic remains, of which iihe Odfoa marshii, 
Gryphaa dilatata, and Ammonitw are characteristic. Th&i bed fm not only 

widely distributed in France and Cfennaay, but is also well rcprcsentediiaChtcb, near 
Bombay. 

The Oxford clay, a stiff pale blue argillaceous bod, sometimes attaining in England 
a thickness of 500 feet, is the principal member of the middle oolitic scries, in this 
country. It oceuw en tho south coast at Weymouth, and again in the middle and cast 
of Eng^d, iBi3iagRai.fiBn district of Cambridgcsliirc, Huntingdoiuli&ae, and Lincoln- 
shire. It nmgen tknio;^ Franqp inta Switzerland and Genanji and is widely 
distributed In ]lo9fl£i^ Teaching to the riioroB of the Bla<dc Sea mA fiseming the 
southern exfinaiiftjr o£ the Crimea. Kbas been found also in JUia Minon 

Among ef this deposit are some highly interesting' erndnieeaaa^ and many 

chambered and oAcb shells. The fishes and reptiles of other parta iBn oolites extend 
here, and are not rare ; but the organic remaina arc often filled with iron pyrites, which, 
decomposing readily, soon de|troy all trace of the form. 

There arc often calcareous beds intervening between the Oxford clay and another 
very similar and also thick bed belonging to the upper oolites. Tho most persistent and 



9 



100 


UPPER OOLITIC BEDS. 


distinct of tliesG is a coral bank of no great thickness, containing often a good many 
shells and some encrinites ; of the latter, the species figured on the preceding page 
is sufficiently perfect to giro an accurate idea of the peculiarities of the genus of which 
it« a member. The corals differ but little from many existing species. 

OROUF OF UPPER OOLITE FOSSILS. 



VmGVLA. BPINX OF 

CIDARIS aX.AMl>lFORK. 


In the absence of the coral rag and other calcareous members of the middle oolites, 
the Kimmcridge clay, the lower part of the upper oolitic series, reposes on the Oxford 
clay, producing in that case thc^fbn district of the east of England. It is characterized 
by the GrypJuda virgiUaj which is in some districts (chiefly in France) very abundant, 
and i^reads over a large tract of country in western Europe, where the clay and limc- 
stondi of the same ago arc met with. 

Numerous reptiles, of which turtles and alligators were tho most common, scorn to 
have inhabited the seas and muddy shores ; but those differ but Uttlc from those already 
alluded to^ most of which were common to th^ whole secondary period. Like those of 
the Oxford clay, the fossils &om tho Kimmeridgc beds arc rarely to be preseryed for 
any considerable time. 

Tho Portland bods, consisting chiefly of hard limestones, contt!^. Bomo beds of 
admirable freestone ; and these alternate with thin bands of a brown subsfanco resembling 
lignite, and called locally the dirt bed. This is in reality an oneient soil, on which 
grew numerous trees, some allied to the Cycos and Zamia (see Cycadeaideaj figured 
above), and others more like trees now living in similar latitude. In tho Portland 
limestones, which are very limited in fheir range ui the Briti^ Islands, there ore 
numerous fish and reptilian remains, gnd a large number of shells. 

The north of Bavaria exhibiis a largo development of oolitic rocks, chiefly of the 
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later middle and newer period, amongst which are the remarkable and yaluable litho- 
graphic limestones of Soluhofen, rich in fossils of various kinds. The fossil cray-fiah 
{Ei-yon arctiformis) (see p. 99) is from this deposit, and numerous other remains in 
singular perfection ^vc been obtained. * • • 

Wealden Series. — ^The close of the oolitic period docs not seem to hafebeen marked 
in England by any violent disturbance, nor, on the other hand, do the rocks pass insen- 
sibly into those of the cretaceous scries. There is a considerable group intercalated, 
manifestly formed under fresh water, and thus marking an interval, which, in spite of 
careful observation on the Continent, where the intervening beds are absent, has not been 
fully accounted for. It is clear that a largo tract must have been previously elevated 
into a position sufficiently near the ground now occupied by the weald, to have admitted 
of the accumulation of those large fresh- water deposits and we may fairly assume that 
there certainly was a large extent of land, though it may not have approached in mag- 
nitude many existing islands. 

The wealden deposits consist of the Furbcck beds (immediatdly overlying the 
Portland rjok), the Hastings sand, and the weald clay. The latter is in its turn covered 
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by the beds of lower greensand, findy developed in the south-east of England, though 
far more laigdy in various parts of Continental Europe. 

The Purbeck beds, as riiown in the islands of Portland and Purbeck, and repeated 
in other parts of the south-east of England, consist of coarsely fissile limestone and 
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elaty dayS) of which there is a singularly nixmerons altcmation. Some portions of the 
series form a kind of dielly marble, formerly much used in cathedral work for small 
columns. Most of the be^ abound with fossils, chiefly of fresh-water shells, and 
ntimcsods fragments of turtles and some reptilian remains prove that we are examining 
in these beds accumulations made in the immediate vicinity of land. The total thick- 
ness of these deposits exceeds 125 feet; but they are confined to a small area. 

Overlying the Purbeck beds is a comparatively large series of sandy deposits, which 
forms the great thickness of the wcalden scries. The Hastings sand is the name com- 
monly given to these beds by Engli^ geologists, and they have also been called Tilgatc 
beds. They arc well diown as soft sands in the Hastings cliflb, and in the caverns cut 
in the rock close by ; and as hard beds used for building stone, they are quarried in 
Tilgate Forest and Tunbridge iVells. This part of the weald occupies a large space 
between the chalk hiTIa of the north and south Downs. The Tilgate beds have yielded 
numerous fragments of some of the most remarkable reptilian fossils yet diseovered. 
The iguanodon^ a land lizard, whose teeth (see page 101) and jaws indicate an animal 
of strictly herbivorous habits, but exceeding in size the largest elephant, ^as accom- 
panied by the equally gigantic and carnivorous fnegalosaurxtSy and by the two yet more 
curious reptiles, the hyloiosaunis and pterodactyl. 

To form any idea of these, the reader must make acquaintance with the ancient 
world, as represented in the grounds of the Oryatal Palace, and will there find restora- 
tions of the nnimnla sufficiently perfect to iTbisteatB this reptilian epoch. 

The weald day, a band of argillaceon rscSk williflomo poor limestones, containing 
fresh-water shells and other fossila tenaniiBteB iSke wealden series. The limestone, 
known as flnssex or Petworth maddi^ xeraAfies As Purbeck marifle, but is rarely 
more tbm i n foot in thickness, and is wdy p nri aafl y used &r noonomic purposes. 
The clay round the whole wedAsn ffistribt, hut poBseoKS Jbw fisaturcs of 

interest, 

Lower Greensand Series.--SbBDeptm1heEHBoulonnmii^eaBMflItr8CtinFi»cc 

exactly opposite our wcalden, with whicblt ooEDeqpasBds in many ihe beds oifitho 

weald arc not repeated in Europe. Iftor is it isrobalble tliat there dhendahe any Bueh 
repetition. The contemporaneous bediB^ of wh^ wc have many, vm probablj not 
dcposited£ke these in a river estuary, nevftl^ge tract of land; andseea Sf Aey were 
accuxBdbMwsar land, were so under very AAaBBitciEcumstances. Thuspartaef eactonsivo 
dcpeeibiiRGeaBany and elsewhere have bean ansumed to represent the waddsn an point 
of ddtor hut iiave no resemblance whatever in mineral (diaroctcr, and Httle, if any, in 
firadl w i r* T * * They merely appear to be intercalated between those beds whose fossils 
Asm to be eomtcmporancous with tho upper oolites and beds of the age of oiu* 
gyffflyiing the wcoldcn. Thc marine series, connecting the oolitic and 
csstaoeoBS systsms, we for thc most part either altogether absent or very unpcrfectly 
r(^Mested in the British Islands, aa m natural ocnaaquence of the exutoiiee cMf large 
ti iita uf n^animit land at this period. 

ArsuwlLAs town of Ncufchdtcl, in Switzerland, and over a large tnet in France, 
arc deposited those beds which, from the former locality (Latin, Neocofnutn)f arc called 
neocomian. They Exhibit in some places a thickness of as much as 10,000 feet, and 
extend not merely in the countries already mentioned, but along the shores of the 
Mediterranean, and throughout Germany. . Tho prevailing rock is sandstone, which in 
many places grains of silicate of iron, giving a green colour. These arc some- 

times replaced by thc peroride of iron communicating a deep red tint; and not unfre- 
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quenily on the Continent tho percentage of metallic iron is Bniheient to justify the use 
of some bands as iron ore. Elsewhere, however, the iron is altogether absent, and the 
rode white and even chalky in its texture, while in tho Alps it is replaced by blackish 
m^ily limestones, and chloritic limestones. Owing to the prevalence of the green 
partidSa in roeks of this age in England, and also in other sandstones a little higher in 
geological position, the name hwtr and upper ffreenaands have been applied to tho two 
series. The enormously greater development of tho former, however, and its wide 
distribution, render it desirable to change a nomenclature founded on imperfect obser- 
vation. Tho name neoeomian has thus been usually adopted of late years in speaking 
of this lower member of the cretaceous scries. The neoeomian fos^ indudo a large 
number of species, showing a gradual change from oolitic types. Besides many spongi- 
form and coralline bodies, and few radiata, there are numerous diolls and crustacean 
remains. The former include, amongst bivalves, several pcctcns, cardiums, and allied 
shells, and numerous tercbratulm (see page 103). There are also some singular 
shells belonging to a tribe now extinct {Sphmrulitcs)^ which first appear in the cretaceous 
rocks, and, although rare in these lower beds, were afterwards more common. Several 
ammonites and the remains of fishes, amongst which may be mentioned tho* defensive 
fin of one of tho shark tribe (sec figure of lehthyodorulUey p. 103), are also found, besides 
numerous remains of reptiles, some of gigantic proportions, and generally of marine 
habits. All these mark the close resemblance of the conditions of tho sea with that 
which obtained during the oolitic and even the liassic period. Numerous chambered 
shells prove the existence of a wide expanse of shore and shallow sea in some districts ; 
while elsewhere tho great thickness of the deposits, the small number of fossils and 
their nature, render it probable that tho sea was extremely deep. 

The bed, called on the Yorkshire coast Speeton day^ and elsewhere forming tho 
uppermost capping of tlic lower cretaceous scries, is sufficiently distinct from the great 
mass of neoeomian deposits to justify a separate description. It has sometimes been 
regarded as belonging to the middle part of tho cretaceous scries, and usually consists 
of a plastic clay, often foliated and decomposing on exposure to the air. In England 
it is of no great thickness, but contemporaneous beds in the Alps have a thickness of 
upwards of 600 feet. It is widely spread, and has even been traced so far os at Port 
Famine, in the Straits of Magellan, whence fossils have been brought which arc referred 
to this period. The ' AncyloceAiSy a singular modification of tho ammonite, and the 
Tketisy a bivalve shell (see page 10f5), are regarded as characteristic, and ore found in 
abundance in certain localities. 

Gault. — A very well marked band of blue clay extends everywhere in England, 
between tho uppermost beds of the lower green sand, or neoeomian scries, and tlic so- 
called upper greensand. It is known locally as the and is often used as a building 
clay. Elsewhere it is combined with pale green, or whitish sands and sandstones, but 
is tolerably regular as a transition bed between the uppermost neoeomian and ^Lgllr 
deposits. Its greatest thideness hardly exceeds one hundred and fifty feet. It was 
probably deposited in a diallow sea, near shore. Tho Turrilitey an with an 

clongat^ q^ire, is often found in the gault ; and corallines, sea-urchins, and tercbratulse 
(see page 166) ore al^o abundant. 

VppoE GvMiiMMid^Somewhat higher in the series occurs the uppir. greensand 
of En gliah gedogistB, wdl exhibited in tho Blackdown IliBs in Devbnshiro. This 
locality has long been remarkable as abounding in fossils, many of which are almost 
confin^ to the locality. They are remarkably well preserved, and very varied in their 
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natun. 'Ilifpiwiludc sponges, sea-eggs, numerous minute foraiBiiifiBS% biyalye shells 
of mDPu; Iritiflii, vnivalyc shells, anonoBiteB and bclcmnitcs, tnwiMtes mA Juunites, 
i 0 Bents of fishes, and reptilian remains. A gronp of aowtf tfeittiore 
Bfbletond characteristic will be found azmeKcd. 

is reptonAted on the GontizieatlQr«Bi«hiA^^ 
in EcsBEDe^ % parts of Ibe Onadac Miteei a. of German geologists, tUttiipper CufAiSmi 
sandstone, and by several not unimportant deposits in Poi-tugal, near Uabon, andiB%[Bin 
(at Oyiedo). The rest of the upper greensand of England (the firestone lafJfaUdH) is 
of the samo date. In Spain the thickness of beds of this period is HIBBdhaniflSLccn 
hundred feet, according to the estimate of M. do Vcrncuil. 

Extensive beds of lignite have been found in some of the deposits of iMi'feriod. 
There has evidently been a corisidcrablc quantity of wood and other matter 

floated down with nmd, and more or less injured by exposure. The liafii contain 
amber or fossil resin, and much of the wood is pierced by marine warmq,andnBaAred by 
oysters. 

Upper Cretaceous Series. — ^Thc uppermost member of the whole seoauBpry scries 
reposes directly upon thin beds of marly impuro sand, and white or g^BSyjBSol usually 
succeeds the upper greensand, passing upwards into white chalk. TiiTttugilenfl this part 
of the upper division of the cretaceous system is represented by tlie (didknBrl and the 
lower chalk without flints, hut clsowhereit forms a distinct dlposit confunaig numerous 
remains of that very remarkable fossil family, the Rudisiesy already oUudedilo in speaking 
of the lower greensand sphscrulitc. The dialk marl is so far developed in Hie Touroinc 
district of Eranoe, that it has been received among French geologists aathe Turonian 
system. It is also seen in Spain, where, near Oviedo, the thickness is stated to amount 
to six hundred feet. Besides the Budists, of which tho hippuritc and crania (see page 109) 
arc good examples, there are numerous chambered shells, including some ammonites 
of gigantic proportions. The small tngmm {aac page 109) is characteristic of this 
part of the chalk. 

Overlying the chalk without flunfts, whicdi is geoerally somewhat impure and argil- 
laceous, wc have the pure white cdtalk of England^ marked by flirit bands.^ This bed 
is too well known, both in its minezal character and diatrihutiou, to require any descrip- 
tion } and it extends not only through our owu mbnd, from Dover and Beachy Ilcad 
to the coast of Yorkshire, hut Crosses the Gennm Ocean to Denmark and the British 
Channel to Normandy, whence the beda aee eoutinued through a great part of Europe, 
meeting at last on the frontier of Asia. Bocks of the same age, but of diflerent mineral 
character, arc fpimd in North America in various localities, and extend into Central 
and South Anudea. .Xhs total thickness of the white chalk reaches, in some places, to 
one thousasAibet 

The AhBs of the white chalk are all marine ; but they arc abundant and varied, 
includiiig^iHimevcm sponges And fonunlnifcrous shells, sea eggs and eea urchins, bivalve 
shells (dfwEhich Tripmtu^ag^ Flagiostoma arc both common anAchaiaaMttic), and uni- 
valve jdfio resttBhahle (sec page 109). The chamhored sheila incIiiiBVi variety of 
ammon 3 a% «Bd aSaed Ibcms expazkded in singular shapes ; and one genna ‘(Melemnites)^ 
very comnNl%iMiaed^aBi 0 Bg all the secondary rocks, from the lias ufinMi|,aippcar 8 here, 
together wfifemMf uther eephalopodous shells for the last time. A apaua tii nautilus 
(see page 109),ilMid:in thasiavrest chalk deposits of Denmark, and a large marine reptile, 
the mososaurus, oftHhicli remaixis have been chiefly found near Macstricht, but also in our 
own chalk, belong to the newest beds of this series. 
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Remains of fi^cs, and of seyeral of the large reptilian animals, nearly resembling 
those of the oolites, arc found in the chalk ; but, in addition to the former, there are 
a vast number of &hes introduced for the first time. The whole deposit of the 
ch^ sec^to have taken place in deep water, when there was a remarkable abun- 
dance Of calcascous mud. 

The chalk has always been regarded as the highest deposit of the secondary scries, 
and is certainly the last formed of those rocks whoso varied organic contents have enabled 
naturalists to deduce the exact conditions of the particular districts during the time 
when the deposit was progressing. Strictly speaking also, there are no beds hitherto 
found lying above the chalk, and showing that kind of transition which has been 
recognised in other cases of older rocks where a succession exists. Sut although this 
is the case, there arc extensive and thick deposits, containing fossils, cither corals or 
forominiferous shells, which have been supposed to represent the period that elapsed 
after the completion of the cretaceous rocks, and before the overlying tcrtiarics were 
commenced. Such rocks occur in the Mediterranean. The Scaglia and Alherese of Italian 
geologists would seem to be strictly reprosentativo of parts of the cretaceous scries ; but 
the Macigno is of doubtful age. Some of these rocks have been originally deposited in 
very deep open water, with a comparative paucity of fishes and the absence of littoral 
species both of fishes and molluscs. i 

Recapitulation. — Having now considered very briefly the principal deposits that in 
England and on the continent of Europe succeeded each other in regular o/l^r, during the 
whole secondary period, it may be well to group together the principat^lacts, as far as 
possible, and present the reader with a kind of general summary of the conditions of 
existence in that part of the world at present occupied by our island. To do this, we 
shall have to appeal a little to the imagination, in order that the reader may picture to 
himself its possible appearance, could those strange scenes, once enacted here, be recalled, 
or could a reasonable being, like man, have been present^ as a witness, at the com- 
mencement of the deposit of the secondary rocks. At this time the earth had indeed 
long existed as the habitation of living beings ; but wo ore hero first made acquainted 
w'ith the actual condition of tho land and with the animals upon it and near it. 

MTo may first imagine a wide, low, sandy district, by the sea side ; tho limestone 
hills and difib now rising boldly on the shores of the Avon and in Derbyshire and 
Yorkshire had then been recently elevated, and formed part of the land; and 
on the sandy banks, just above the ordinary level of high water, wandered anoint 
and singular animals of which a few fragments only have been handed down for our 
observation. Amongst these we may safely enumerate one little lizard, with a bird-like 
beak and bird’s feet, many turtles and tortoises, and a multitude of birds — some larger 
than an ostrich, others as small as our smallest waders. In South Africa there were 
also reptiles of considerable size and in great variety, whose two tusks, in an otherwise 
unarmed jaw, strikingly distinguish them from any of their contemporaries. 

But strangest of all among these would appear the gigantic labyrinthodon, and its 
congeners. One of those animals, nearly as large as a rhinoceros, comes 
leisurely pacing over the sands, leaving behind it the vast imprint of its hind feet, con- 
trasting oddly with tijp litfle toes of the fore extremities. One of tho smaller of these 
animals, provided with a long and thick tail, recognised by the mark with which it has 
indented the soft mud it passed over^ may have sought, perhaps successfiilly, to escape 
irom the attadk of its larger but slower enemy. Both would approach the water 
as the best field of their exertions, and we riiould soon have no vestiges of their having 
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been pTcscnty beyond the imprints of their on *the rippled siuaGuwof 

ciouvinudy as they passed along. 

Of flua plants of tho new red sanditonK psriody there is quite- sadUoBttixifiKnsliQA 
to ^nablc^nd to assume with confidcim ♦bftt they differed cohUMUj taR.tkie of 
the cosfL period, but that still fern TCfpeiaition was ahundant. rm— a., 
though in a modified form. AV c knoar of no inseets flc quadrupodb^ ffiey 

bably existed. 


I 


I 

! 



11io«od»aadmflcls de- 
posited and Boak down to 
form n son bottom, and 
the day of tfan lias being 
in course of dq^tion, 
we haTO a bow order of 
things, and a very differ- 
ent arrangement, in con- 
sequence of the ly^valencc 
of ai-gillaceous mud, in- 
stead of sands, in the dc- 
poaiia* A wide expanse of 
gjydf^ of na great depth, 
was beuig filled with mor 
terial perhaps brought 
down by one or more 
large rivers. Tho climate 
was warm, the vegetation 
on the shores rank and 
luxuriant. Trunks of trees, 
coMtantly carried away 
ateations in the 
moattn and deltas of the 
atEcaBBijpWoro continually 
drifted off into the gulf ; 
aad attached to them 
wwridlbafbund large clus- 
tas of Fentacriniie^^ col- 
lected like bunches of 
barnacles on the drift 
wood. These singular ex- 
tinct animals, the repre- 
■oriativoii. perhaps, of 
otlMB now aq;aaUyaii» 
dant, bad of dMftrent ajp- 
pearaaai,. were paovided. 
with means of secvetBig 
attiKjr poartiozu, whisK, 
lAaa fittsd together, 


formed a moveable stone column, thickly IrUigcd with branches shidhrlj^ provided, and 
terminated by a cap made also of stony plates fitting together, forming a stomach partly 
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dosed by a proboscis, also defended. With inamncrablc aims, widely extended in a 
complicated fiinge, this mass of Hying stone seems to have served as one of the scaven- 
gers of the deep, removing and assimilatmg the half-decomposed amWT matter, that 
would otherwise have proved injurious to the inhabitants of the suzroundidgdaf d. • 

While the pentacrinite thus floated about, conveyed by the drift wood, the oysters of 
that time were planting themselves at intervals ; and the tercbratulaD and spirifers, assisted 
by numerous crabs and other crustacean animals, appear to have found ample food in 
these seas swarming with Hfc. But of all tho invertebrata, with the exception perhaps of 
that singular tribe just described, none would be more prominent or actively employed 
than the inhabitants of those many-chombered shells that have already been several 
times alluded to as highly characteristic of the secondary period. Of these animals the 
a?nmonite and the nautilits were then abundant ; and ti3c variety of forms presented by 
the former genus is only less remarkable than the number of tho remains of individufds 
which ore found throughout the Has coUected in particular locaHties. These creatures, 
partly indosed in their shells, floating and swimmiug at various depths, and accom- 
panied b)^thc yet more powerful and rapacious heUmnitey rendered the moUusca a very 
important group at the period in question. 

The shores and shallows, and probably also the open sea to some distance from land, 
were at this time peopled by multitudes of moderate-sized fishes, varying from a few 
inches to three or four feet in length, Hving chiefly on the crabs, lobsters, and shell-fish 
of various kinds, which wc have reason to know were extremely abundant. These 
fishes had a hard, solid pavement of teeth covering the palate, to crush the shells and 
stony cases of their prey. They were themselves also inclosed in a strong enamelled 
armour, and perhaps fed not only on oflal, and on the less powerful invertebrata, but on 
each other. Fur- 
ther out at sea were 
tribes of sharks, of 
various sizes and 
difibrent species, 
but all voracious 
and predaceous in 
the highest degree, 
and some of them 
attaining very largo 

fll TWftnaintiH . NFo 

fishes, such as arc 
now most com- 
mon about our own 
or the neighbouring 
diorcs, then ex- 
isted on tho earth. 

But the fi^es, 
althou^ repre- 
sented by a power- 
ful and important 
group, had ceased 

to be the lords of creation in tlic Has seas. From the banks and shoals, crowded with 
myriads of Hving beings, tho great Flesmaurusy with its long neck and small wedge- 
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shaped head lifted high in the air, might he seen paddling rapidly along, plunging into 
the deep water, and there, like the fabled sea-serpent, darting though the wayes, and 
occasionally striking with unerring aim at its prey, consisting probably of fishes, 
turfLes,e8^ the larger cuttle-firii and other cephalopoda, which w’crc so plentiful. 

Next, let us picture to ourselycs some of the deeper abysses of the ocean, and seek 
for the powerful and rapacious monsters whose abundant remains proyo how important 
was the part they tlien played. Prowling about far below the surface, but with an eye 
glaring upwards, like a largo globe of fire, the ichthyosaurus may be supposed to dis- 
tinguish the work going on above, and watch the plesiosaur in its search after prey. 
Suddenly, and with one stroke of its powerful forc-paddlcs, and the powerful action of 
its hugo tail-fin, it rises with the velocity of lightning to the surface ; its vast mouth, 
lined with formidable rows of teeth, opens wide to the full extent ; it overtakes the 
object of its attack, and with a motion quicker than thought the jaws close, and perhaps 
some plesiosaur falls a prey. Not always, however, w'ould it fall a resistless prey, or 
die unrevenged, for there can be little doubt that, with the advantage of position, the 
stroke of the head of this slight but active reptUo might occasionally reyerse the 
picture, and insure victory to the less powerful of the combatants. 

The plesiosaurus and ichthyosaurus were but two of scvci'ol genera of large reptiles 
whose more or less aquatic habits have been the cause of their remains being preser^’’cd 
in the lias. Some, as the telcosaurus, resembled the garialy or cro(‘odilc of the Ganges, 
and were more abundant in more modem deposits — others, such as the pterodactyl, being 
dependent on land to some extent, arc rarely met with. Probably many of tlio now 
rod sandstone reptiles extended into the lias, and ranged through the whole period ; but 
these were chiefly confined to shoals and low flat shores, and are thus not found in the 
deep water mud. 

After the termination of the deposit of that great mass of calcainous mud just 
described, and when the transition to the true oolitic period commenced, wc find distinct 
intimation of the near presence of land clothed with vegetation, consisting chiefly 
of zamiasy cyeademy and some coniferous trees. At this time there commenced a deposit 
of fine calcareous mud, which was tolerably uniform from the north of France to tlio 
coast of Yorkshire, but was from time to time modified according to alternations of 
level in the general area of the ]|uid. Not very long after, islands appeared on what had 
hitherto been open sea ; and these islands became in course of time the dwelling-place 
of small land animals. 

The condition of the surface-bottom of the sea being at this time favourable for the 
full development of the lower marine animals, both in number and variety, wc adsord- 
ingly now find whole beds of shelly limestone made up exclusively of the debris of 
such creatures ; and any one, who will examine carefully the common building stone 
obtained from these deposits inNorthamptonriiirc and Oxfordshire, and even near Bath, 
will find these almost exclusively present wherever the little egg-like structure, which 
has since been assumed, does not conceal them. During thin time there were many 
fishes, chiefly those living near shore, whith also have left marks of their existence ; 
and m some of the beds arc leaves of trees, wing-cases of beetles, and the bones %f land 
animals. ^ 

After about three hundred feet of such strata were deposited in the west of 
FiUgland, we find beds which were manifestly formed in the immediate proximity 
of land ; and it is interesting to speculate, as wc arc in a condition to do, on the 
possible nature of its inhabitants. Let us endeavour to recall some of the ^wnin 
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points that might then have attracted attention, as differing from the present couditiun 
of European land. 

]!iet us, then, imagine ourselves placed on some projecting headland, commancUng 
a view of tho open sea, which at that time covered the greater part of ouf island, «iid 
permitting us to watch the progress of events near some low flat island) a sandy shore 
of tho oditic period, on which a few palms are seen, and which present a back-ground 
of pines and foms towards tho interior of the country. 

Here, near the shore, would appear one of those crocodilian animals, with its long, 
slender snout, and fin-liko extremities, admirably adapted to swim and obtain prey in 
tho water, but hiding in the miifl, and lying for hours like the trunk of a tree on the 
muddy bank. 

At a little distance in the diallow water numerous re\>re8cntativcs of the plcsiososaur 
and ichthyosaur would be seen, and with them some curious forms of reptilian animals, 
combining some of the peculiarities of these two genera. Wo may imagine one ojf 
those, the pHosamns, as it advances its great mass through the water. Its huge lizord- 
liko hea^ contrasts strangely with the fish-like body which is attached to the head 
without an intervening neck, and tho absence of a powerful vertical tail is fully made 
up by tlie extremities, which arc several feet in length, and admirably adapted to be 
used as fins. With one stroke of these fins we see the whole enormous mass shoot along 
with terrible rapidity; and a large shark, pursuing and feeding upon other prey, 
in a moment falls a victim to the greater strength and activity of this marine 
monster. 

Quitting the prospect thus presented at sea, lot us next turn our eyes towards tho 
land. Here tho long-snouted crocodile, whom wo before observed gorging himself 
with tho fish in the shallow bay, sleeps cither half bmied in tho mud on shore near a 
jungle, or in an estuary. His length is perhaps 18 or 20 feet, and ho is admirably 
contrived to swim and dive, ;Ind attack his prey in the water; but on land, like many 
animals of this kind, he is more helpless. Now, however, tho crashing sound accom- 
panying tho motion of a heavy animal through brushwood is lieard approaching 
rapidly; and soon a monster is seen, taller than an elephant, but not provided with a 
long trunk to twine about and pull down the branches of trees. Instead of this wc 
perceive a prodigiously long and powerful but narrow snout, armed throughout with 
the most singular arrangement of sharp and strong knife-liko teeth. Onward comes 
this giant of the plains. To its head is attached a moderately long neck, and a body 
half as long again as that of the elephant, and thick and massive in proportion. Hugo 
living columns support this body, and arc based on feet each of them large and strong 
enough to crush a dozen pigmios like ourselves. With one stroke of its fore feet, 
armed with powerful claws, the gorged crocodile is struck dead, and it is soon devoured, 
as if such a meal was scarce worthy of consideration. 

But let us now turn aside once more and contemplate yet another scone. Still 
remaining near the shore, but looking at tho land rather than tho sea, let us watch tho 
golden beetles, tlie beautiful dragon flics, and other insects, as they flit past in all the 
brilliaimy and chcerfhlnoss of luxuriant nature. The lofty trees aro woven together by 
thick underwood, and the open country, where it is not woodedj is bromi with the 
numerous ferns which aro distributed abundantly in extensive groups. Here and there 
wc see a tree overturned and lying at its length upon the ground, preserving indeed its 
diape, but thoroughly rottdh, and serving as tho retreat of the scorpion, the centipede, 
and MwiiUr noxious insects. A few small quadrupeds, about tho size of rats, may be 
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diating^ialied at interyalB, timid oven in the absence of danger, and scarcely yentnring 
to appear without the greatest precaution. These feed upon the grubs and larvas of 
the flying insects, and on the various species that live upon or burrow under the 

What, however, is the strangely formed animal that now appears running along 
upon the ground like a bird, its elevated body and long neck not covered with feathers, 
but with skin, naked or resplendent with glittering scales, its head like the head of a 

lizard or crocodile, and 
of a size almost pre- 
posterous compared with 
that of the body, and its 
long fore extremities so 
oddly stretched out and 
connected by a mem- 
brane with the body and 
the hind Icgz? Sud- 
denly this creature runs 
rapidly, and soon over- 
takes the little quadru- 
ped, and in spite of its 
precautions presently 
devours it. 

Soon another strange 
phenomenon is pre- 
sented — a mailed crea- 
ture in the air, of no 
contemptible size, and 
FTBBODACTYL— GREAT oouTE. rcolizing, Or cveu sur- 

passing in strangeness, 

the mythological accounts of the flying dragon, and the pictures given by the Chinese. 
This, however, is merely the flying reptilo whose terrestrial appearance wo have just 
described. It is the pterodactyl ; its fore arm, hand, and finger extended, and the inter- 
space filled up by a tough membrane; its head and neck stretched out like tliat of tho 
boron in its flight, and the creature from time to time seizing the insects which it 
pursues, and devouring them with avidity. Perhaps this monster might occasionally 
be seen flying towards the sea and there darting down on some devoted fish, or even 
diving beneath tho surface in search of prey, and exhibiting the most singular and 
perfect combination of locomotive powers yet known. 

With variations considerable, no doubt, and important, affecting more or less tho 
nature of the deposits, and for that reason, modifying the inhabitants of the sea, tho 
picture above given may be received as one neither false nor exaggerated, however 
imperfect, and as characterizing the whole of tho long period during which the series 
of the oolites was in course of deposition. From time to time coral iriands seem to 
have been formed, but -these are local and rarely extensive ; at other times large 
quantities of mud were poured into deep water, burying and preserving the remains of 
animals in remarkable perfection; and occasionally, but much more rarely, sands were 
deposited. These beds went on alternating with one aneflher, the Hnmstones being 
always prejKmderant ; and the undulations of the surface, which permitted so long a 
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scries of deposits, at length seem to have terminated by the production of a yery 
extensive tract of dry land, lifting up the ancient bed of the oolitic sea, and at once 
preventirfg further deposits. ^ 

This view is suggested by the evident proximity of land during the lafer^oofitic 
period, not only with reference to the deposits going on in the British Islands, but also 
those covering a portion of Northern Europe. It is, however, limited to certain parts 
of these districts, and docs not appear to be applicable beyond them ; and indeed it is 
probable, fi^m Ihe nature of the deposits, that in Southern Europe and Asia Minor the 
contrary was the case, and that the sea was there becoming deeper, and receiving 
gradually fewer and fewer coast deposits. But with regard to the northern and western 
districts, we have evidence singularly distinct and satisfactory, that just at the close of 
the deposit of that uppermost bed of oolites which occurs in the island of Portland, the 
alternations of level were numerous, and at no very long interval; perhaps resembling 
in this respect what is now taking place at the mouth of the Indus, where, in Gutch, a 
considerable tract of land has been alternately lost and gained even within a few years. 
In England also (formerly, as now in India), thcrii were great rivers, and probably 
deltas, and when the sea bottom was finally elevated to form dry land, a mass of sandy 
bods, corresponding with what is now in course of formation iindcr similar circum- 
stances, seems to have been deposited at the embouchure of this great stream, which 
must have proceeded through a land abounding with vegetation, and containing 
numerous animals of large size. 

The land, however, which had long been advancing steadily, gaining on the sea 
in those latitudes, received about this time a check, and a great change took place, 
at first, perhaps, by alternations of level, but soon by rapid and decided depression. 
Deep sea soon covered the whole tract to the cost and south— vast quantities of fine 
chalky mud were deposited, probably from neighbouring coral reefs ; and a very long 
period elapsed, during which the great masses of sandy and calcareous beds, including 
amongst them the whole of the chalk, were gradually accumulated. StHL land '^as 
near, for wc find among the chalk, a distinctly marine deposit— fragments of bone which 
seem to prove beyond a doubt that not only was the pterodactyl then still remaining, 
but that some true birds not unlike the albatross had also been introduced* 

Considered as a whole, the secondary period will now be seen to possess a well 
marked and very distinct group of animals and vegetables, exceedingly different in 
general aspect, no less than in the details of specific character fcom the more ancient 
period. This difference consists partly in the replacement of a number of strange forms 
of animals and vegetables by others more resembling those now living; but it consists 
also, and in a far more striking way, of the presence of one highly important group 
of animals — one, in fact, of the great divisions of the animal kingdom — in such singu- 
lar variety of form, such relative numerical abundance, and so distinctly representative 
of the more highly organised races afterwards introduced, as to render it almost certain 
that the absence, or great rarity, of true quadrupeds is not accidental, nor the result of 
our imperfect knowledge, but a real, and, if so, a very important fact. 

The corresponding characteristic of the former and earlier period is seen, as already 
described, in the great development of the race of fishes, which tffen represented, and 
were afterwards replaced by the reptiles. It is this substitution or representation of 
one class for another whicl^ves completeness and fulness to our picture, and renders 
it probable that we really have a tolerable sketch of the whole, and not a mere hig^y 
coloured representation of the events passing in a single area in space, or during a short 
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period in timo. By means of such comparative views, too, wo obtain an idea of tlic 
general bearing, the harmony, the symmetry, and the perfectness of each group, and 
thus attain in the end more distinct and rational, and less exaggerated viAws of the 
diflbropces *and resemblances of created beings at widely distant periods of timo. 

In concluding the account of this period of reptilian preponderance, and especially 
when, in order to exhibit something of the habits in their most striking modes of 
action, it has been necessary to describe scenes of carnage and horror probably 
enacted at the time referred to, it is right to remember how perfectly accordant are 
^ch scenes with the benevolence as well as the wisdom of the great Author of Nature. 
They are, in fact, results compatible with the perfect goodness of the Creator, and they 
cannot be considered to involve any needless suffering. For ourselves as human beings, 
and constituted as we are, looking on death as a punishment that must bo endured, and 
always earnestly bent on warding it off as long as possible, any premature and violent 
termination of life seems to involve pain and misery. But this is by no means the law 
of nature as regards animal life in general; and, on the contrary, the very exuberance 
and abundance of life is at once obtained and kept within bounds by the vofr'acity and 
predaceous habits of certain tribes. 

A lingering death — a natural and slow decay of those powers which alone enable an 
animal to enjoy life — would unquestionably be an aTrangc^ient fraught with suffering 
in the case of beings not endowed with reason, and not assisting one another. It would 
be cruelty, because it would involve hopeless suffering. A violent death is to unrea- 
soning animals the easiest and the most natural termination of life ; and it has mani- 
festly been ordained, ih)m the beginning, that in order to insure the greatest amount 
of enjoyment of life, there should be a never-failing and ample succession of individuals 
and species, the vegetable world providing food for some races, but the greater numl)er 
taking from animals of lower organization the more directly available' food which they 
had prepared ; or, on the otlier hand, preventing animaf matter once elaborated from 
being dissipated, or entirely decomposed, by taking up, even in its very last stage, the 
minutest organic fragments, and bringing them back to tlie realms of life. 

tebtiaht epoch. 

The rocks above the chalK are, and have long been designated as tertiary. In 
England they include but a small and very imperfect series ; but elsewhere they arc 
developed to an extent and thickness, in some places equalling, in otliers far surpassing, 
those of the older ^d underlying systems. Since, however, the more important sub- 
divisions arc foreign, there was, for a long time, a comparative neglect of tertiary rocks 
in our own country, and the actual relative position of those we have, has been only 
decided within a very recent period. 

Following a nomenclature which has been found convenient in the other epochs, it 
wiU be desirable to consider the rocks of this newer period as divided into three prin- 
c4>al groups, to which the terms lower, middle, and upper tertiaries seem the best that 
can be given. The upper tertiaries will be found to pass into deposits of the recent 
period.* ^ 

* The reader should be informed that the terms Eocknx, Miocene, and Pliocene, are frequently 
given to these three divisions. They were suggested by {Sir C. Lycll, who, finding that the fossil 
shells of the various divisions of the tertiary epoch include graduall|^ larger proportion of existing 
species, introduced the words in question to designate something of a numerical ratio which he then 
believed to exist. Thus, soccim (from «wr, dawn ; kouvoSj new) was intended to include rooks in 
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Xiowev Teirtlary Aocks and Fossils.— There seems little doubt that the large 
and mdcly-spread deposits on the borders of the Mediterranean Sea, in many ports 
consisting of thick beds of limestone, loaded with a peculiar fossil, resembling a piece 
of money, and thence called nummvliU fsoc page 118), but elsewhere containing ^ordly 
any fossilB, must bo regarded as the true base of the tertiary series as at present known. 

Beds of the same ago appear at the margin of what ore called the London and 
Hampshire basins, and also around the Paris basin ; but they are here of inconsiderable 
thickness. In Afnca, on the north-eastern shores and in on the south flank of 
the Himalayas, extending to Calcutta on the east and Bombay on the west, these beds 
arc no less distinctly traceable. They are also found on the shores of the Blade Sea, in 
Dalmatia, Carinthio, Transylvania, Hungary, and Poland. The deposits are usually 
calcareous, and appear to have been chiefly made in de!p sea. The fossils, however, 
include not only the foraminifera, of which the nummulitc is an example, but many 
aheUs, as well land {phyaa^ sec p. 118) and freshwater {cyclaa) as marine (pardita)^ 
numerous fishes {rJyambua)^ some birds, and several land quadrupeds. The beds have 
therefore b^en formed under various ciillimstances, though about the same time. 

Reposing on these oldest tcrtiarics, and in many'' places appearing to form part of, 
or replace them, are a number of beds admirably developed near Paris, and somewhat 
extensively seen near London, in Hampshire, in the Isle of Wight, and again in 
Belgium and the South of France. Theso arc very varied in their character. In Eng- 
land, they include an important scries ol’ clays (London clay) reposing on sand, and 
overlaid by other sands, and by freshwater and marine limestones. 

Above these come in a large series of deposits, whose total iliickness in England 
amounts to nearly fifteen hundred feet, recognised as a distinct group, and correspond- 
ing with certain coarse limestones and peculiar sands near Paris. Above these again 
arc marls and limestones in England, represented by soft sands {molaaae) in the south- 
west of France, and a limestone deposit well known in Malta, and extending over 
various parts of the Mediterranean, hitherto regarded as belonging to the middle ter- 
tiary period, but determined by Professor E. Forbes to bo really a part of the older 
scries. The lower and middle parts of the series thus described, contain numerous 
interesting fossil remains, among which are a i^Lultitudo of very remarkable fragments 
and complete skeletons of quadrupeds. (See Cut, page ly).) There arc also numerous 
fruits, and some corals and crustaceans, uith shells and fragments of fishes met with 
in some localities, of which the Isle of Sheppey, near the mouth of the Thames, has 
long been remarkable. Reptiles also are here found, proving that the condition of the 
country, and probably its climate, were extremely different f]X>m those at present existing 
in these latitudes. 

In the Paris deposits are found some beds of gypsum, which are at once useful in 
themselves, as yielding the material of which is manufactured plaster of Paris,” and 
also of extreme interest to the naturalist, as containing those fossil bones, whence has 
been reconstructed, by Cuvier mid others, an entire menagerie of extinct organic beings. 

which a faint indication of existing species (less than five per cent.) was first perceived— itMoccnc 
(jieuovj less; and Kaiyos)^ those in which a minority, or less than half the species, were recent, and 
pliocene (wAewv, move ; and koikos), those in which a larger number than fialf were recent. As 
these names appear to offer no special advantage, and have been misunderstood to intimate a decided 
and abrupt transition and definite pcrcentagp, which docs not exist in nature, it may be better to 
avoid the use of them, and adhere^ the simpler and equally distinctive terms above-mentioned. It 
may also be stated here, that by some geologists the middle or secondary rocks are called meso-sotc, 
and the newer or tertiary caino^zoie. 
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These beds were long celebrated for the readiness with which they yielded these trea- 
sures, but they have ceased of late years to deserve their reputation. Noilh America 
presents a number of beds of the period we arc now considering, chiefly developed in 
the southern states, and consisting of greenish sands, marls, and a peculiar srhitc limc- 
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stone. Most of the fossils are oloflely alEed to European fonnK Svsn in'ficmifli Amarica 
there have also been found reproafiixtative d^oaits. 

Blidflle TesliMy Rocks iofei gossfls.— In England this d f ririo n is but 

scantily shown, and includes only a few bands of sand, grovel beds made up of shells, 
and some marls. These have been found on the coasts of Suffislk undlBiTT and range 
into the interior. 

Very large masses of rock of various kinds form the corresponding deposits in the 
south-west of Franca, tkft .Mit of Germany, and various piui^s of the Mediterranean 
shoves^ and otheza^-oittii^y dfflbnnt in appearance, have been recognised on the flanks 
of Us Himakym nid in Sooth America. 

'The middle vtaitiagr deposit is called the coralline crag, and contains 

numatoiiB snrnOL eoond^ m a ny she&i, both univalve and bivalve, and a few maaiTia of 
cmirtacoB and ftthee. Qmdru^adi and reptiles arc extremely rare. 

In the Tolky of the Shme, on iho flanks of the Alpifie chain, in the great valley of 
SwitEBKkmd, .in valEey of the Danube, and in northern India, the characteristic 
pcculiaiifsu'aaDB:m eodi Bne diitiDOt. Thus, while the loose sand of the Swiss molassc* 
is widely ^iw3, ai^ cemtamB a few shells and some remains even of palm vegetation, 
wc flud, in the vriley of the Ehinc, beds containing the bones of a gigantic quadi-uped, 
the dinotherium (sec page 123), while the tortiarics of northern India contain nimicrous 
indications of a complete fauna, including^ amongst a number of s];>ccies little d liferent 
from the present inhabitants of the countiy’, a multitude of otlicis altogctlier now, and 
dcpai-ting widely from known forms. 

The fossils of the middle tertiaiy period arc not generally so varied and essentially 
chai'actoristic os those of tho older and newer deposit, although India foiuis a gi’cat 
and interesting exception, Some of the less common and more easily recognised shells 
and other fossils arc represented in the next page ; and it may ho observed that this 
group represents two genera of tho comparatively rare family of ptcropoda, and two 
instances of shark’s teeth, ^cre is also a crab, a foraminiferous shell {tcxtularia)^ and 
* Not the molasse of the south-west of France. • 
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ono of the flat sca-urchins, or star-fishes of the time. Many of the shells approach 
so near in appearance to those now found in adjacent and distant seas, that no useful 
purpose would be answered by figuring them here. It is right to state that a large flora 
of«thm pciSod has been determined, presenting a mixture of exotic forms now peculiar 
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to warm climates, with others equally characteristic of temperate countries. Thus 
palms, a bamboo, and others of the same habits, arc found associated with leaves 
of oaks, elms, &c. 

Vppev TaxtlBPj Rocks and FobbUb.— >0f this part of the period there arc 
many subdivisions. The sub-Apennine limestones, contemporaneous with part of our 
Suffolk crag, are represented in South America by a vast expanse of rock, containing 
numerous organic remains of the most singular and intcrcstmg quadrupeds. Caverns 
in limestone rocks, frozen clifis on the shores of the Polar Sea, ^^watcr deposits, and 
osseous breccias in central France, Italy, and many other countries, all appear to belong 
to this pdbt of the tertiary epoch, and all present numerous objects of interest amongst 
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the fossils they contam. Nearly fifty species of quadrupeds, and half that number of 
birds, have already been described, all more or less differing from existing forms— some 
departing widely, others approximating closely. The various groups of deposits of the 
period have boon thus classed : — » 

1. Recent Deposits, including raised beaches on the English shores ; tiN) fehn^ 
or loess^ of Rhine valley ; the tchomozmy or black earth of the great plains of the 
Caspian Sea Ijako of Aral ; the regur^ or cotton soil of India ; and large tracts of 
recently elevl^land in Patagonia. 

2. Drift, {nduding stratified sands and gravels, left by glaciers and icebergs ; 
unstratified clays and gravels, with boulders, common in the Clyde valley, and locally 
called till ; the mammaliferous or Norwich crag of our east coast, and the sands of 
Bridlington, on the Yorkshire coast ; and a number fresh-water beds, consisting of 
sands, marls, and gravels. 

3. Sandy deposits, of which the red crag of Norfolk and Suffolk, the calcareous 
marls and sands of the Sub- Apennines, the great limestone of Sicily, the vast deposits 
of lignit^ or hrwmi eoal^ of Germany, %nd the ^jprls and limestones of QSningen, near the 
lake of Constance, ore the chief that have b^ described, though others, probably of 
equal magnitude, remain to bo noticed. 

It would manifestly be out of place here to describe at length any of these numerous 
and varied deposits. EacbTmay bo said to possess some point of special interest— some- 
times local, but more frequently' general ; and each might well bo the subject of a 
separate chapter. 

Thus the (Eningcn beds arc remarkable for their rich variety of fossils, including 
quadrupeds, fishes, and many plants. The lignites, associated often with plastic clays, 
and fine deposits of a kind of siliceous paste, made up of the debris of infusorial 
animalcules, arc no less interesting, for the almost incredible extent to which the 
vegetable matter 
has been accumu- 
lated; while the 
limestones and 
marls of Italy arc, 
and' long have 
been, the subject 
of elaborate de- 
scriptions, and 
form connecting 
links between an- 
cient and modem 
times. 

But the drift, 
under whatever 
name it is de- 
scribed, affords 
other equally in- 
teresting subjects 

for consideration. vara 7 .'ic blocks in massacuuskti-s, umtkb states. 

In ^some places 

are vast boulders of rock, transported himdrcds of miles from the parent rock 
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(863 tho view in the Cut, page 121), in otbers are huge masses of smaller blocks, col- 
lected from various quarters. Here the ground on which these heaps rest has been 
smoothed and scratched by the passage over it of large quantities of material; while 
not far off ^'milar gravels arc stratided, and contain bones of many quadrupeds, and 
ovciT of» bmls. , The cause of all tlicse phenomena is apparently to be traced to the 
passage of currents of water in shallow seas, the currents often floating icebergs of 
large dimensions ; and when, on any occasion, these icebergs are stranded, tho cargoes 
of transported material, which such natuiul rafts bear along with them, are neces- 
sarily deposited at the sea bottom, on the melting of the ice. 

The last change, the disintegiutiun of the surface when once permanently elevated, 
the gradual accumulation of vegetable matter of various kinds, and tho preparation of 
land for the habitation of die ^rger quadrupeds, is a subject still obscure in many of 
its details, but becoming more clear as we advance in the right direction of geological 
investigation ; and difficult as the investigation may seem, natimdists are really now 
in a condition to judge a little of the probable aspect of the earth during these later 
revolutions in the way formerly attempted, with reference flrst to the palmozoic, and 
and afterwards to the secondary period.’ ' * 

Outline of Tertiavy Scenes. — Making use of the various means that exist, 
by the help of careful observation of actual fossils, and reasoning by analogy, it has 
been concluded that the tertiary period in Europe, Asia, and ra. North America, exhibits 
a series of changes during which these parts of the world were gradually assuming their 
present physical condition, while tho inhabitants were becoming more and more like 
those now occupying the same latitude. Tho changes thus involved ore both con- 
siderable and important. In those very spots which men have made the centres of 
civilization and commerce, in the immeiliate neighbourhood of the two great metro- 
X)olitan cities of England and Franco,* we also find, by a somewhat strange coincidence, 
the most striking and inter(\sting remains of tho earth’s ancient condition, and con- 
vincing jirools that tho fomicr inhabitants were as widely different from those now 
indigenous, as these are from the animals at present found in Eastern Asia. 

It is not unlikely that the land at that time, in our latitudes, consisted of islands deeply 
indented by bays and inlets, some of them perhaps of large size, baying considerable 
rivers, depositing various beds of mud and sand. The neighbouring seas were tenanted 
by many large sharks, by gigafltic rays, by sword-fishes, saw-fisbes, and many others 
now almost confined to the eastern extremity of the Old IVorld, or found in Gulf 
of Mexico. With these were many animals inhabiting shells, now also confined within 
similar limits ; but there were also with them a number of fishes and sliell-fisli, far 
more ebsoly allied to the species now living on our own shores. The coast-line of this 
sea seems to have possessed peculiar features, being clothed with rich and almost 
tropical vcgctaticHi to the water’s edge, and exhibiting in abundance palm-trees, 
cocoa-nuts, and many of tliosc shrubs w'bich characterize the islands of the eastern 
Archipelago. Tho mers, and perhaps tho sea near tho coast, were peopled with 
('rocodilcs ; — tortleB, and tortoisi^s of various kinds, lived either in or near the w'ater ; 
and in most respeefs we must seek for the nearest representation of such a combination 
at very distant spots, and under very different climatal conditions. 

Nor was the state of existence in the interior loss striking and peculiar. Troops of 

* It is sin5,Tilar enough that the same may be said, with equal correctnesB, of the capital of 
r.clgium, which is placed on a patch of tertiary rock, nearly of the same age as the basins of London 
and Paris, though not so remarkable for its fossil contents. 
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monkeys, aomo of tlicm of large size, might then have been seen skipping from branch 
to branoh on the forest trees. Opossums were associated with the squirrels, and a racoon 
was among the quadrupeds common in western Europe, while wolves and foxes had already 
been introduced, and 
species were co-cx- 
istent with those 
animals now widely 
remoYcd from asso- 
ciation with them. 

Serpents of yarious 
size, but some altoge- 
ther gigantic, assisted 
in the destruction of 
the numerous tree- 
quadrupeds living on 
vegetable food. Birds, 
too, wer^then abund- 
ant, and amongst them 
we find that the tribe, 
now the natural ene- 
my of the serpents, 

^as also present. 

But it is moat probable that the chief deposits, of which we have cognizance, wei*o 
made either near rivers, or not far from extensive marshes. Just as at present wc find 
tho low and unhealthy swamps of Sumatra, and extensive tracts in South America, 
peopled by tho tapir, so then there was a complete group of nearly similar animals 
of the extinct genera, PcHoiotlteriuin and Anoplothcriim^ adapted to similar localities. 
Very various in size and proportions, and very different in their habits, some of these 
(tho Anoplotheres) swam readily, and lived chiefly in the water, being provided with a 
long powerfril tail, serving as a rudder. Others, again, referred to the same genus, 
tripped along lightly on tho borders of the marcdics, feeding, like the musk doer, on the 
aromatic shrubs that were there abundant. Others, more timid, and constantly on the 
alert, were enabled to course ra^^idly along, and escape by flight, or conceal themselves 
in their burrows beneath the surface. Groups of these animals arc amongst tlic restora- 
tions preparing for tho Crystal Palace. 

A little later in tho period, and when a larger quantity of land had been elevated, 
now and more gigantic races were introduced. Among these was one group of true 
elephants; another, of equal or even greater size, the Mastodon^ whoso teeth seem 
adapted for food somewhat touglicr than that which the altcmate plates of enamel and 
bone in the elephant were enabled to crush, and whose body was somewhat larger ; 
while a third (tho Biuothere), was more like llic tapir in its habits, hut more gigantic in 
its proportions. This latter animal dwelt in tho sv/amps, and its slcuU and formidable 
tusks in the lower jaw seem to point to habits almost exclusively aquatic (see Cut). 

After remaining for some time in this condition, the land seems to have become 
more extensive^ to have been clothed with abundant vegetation chiefly of forest trees, 

• Of the animals here represented,«thc upper quadruped is an i\noplothcrc, and the tivo lower 
Pid(cothei*cs. The small species was about the size of a pifj. On the right is u crocodile, and the 
vegetation is chiefly of palm trees. 
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and to haye been peopled by numerous large ruminants, and by many of those carni- 
vorous animals of large size, now confined to the eastern and southern districts of the 

old continents. This was the 
last condition before the intro- 
duction of man upon the earth. 

While Europe was thus under- 
going a scries of changes which 
occasioned or required the intro- 
duction of many new groups of 
animals, and the destruction of 
many that had long existed, the 
eastern part of the great tract of 
land, then in course of elevation, 
seems to have been convulsed by 
fewer of those destructive dis- 
turbances, and to have retained, for a very long time and with few modifications, its 
early tertiary fauna. 

A vast basin of fresh-water appears to have extended over a great part of Northern 
India and Malacca, on the shores of which lived a numerous and varied population of 
elephants, horses, hippopotamuses, -deer, and many other Vegetable feeders, with a 
corresponding race of carnivora of large size and great power. The earth there groaned 
under the pressure of a huge tortoise, whose monstrous proportions it is scarcely 
possible to realise ; and numerous other animals existed, of strange habits, and yet 
stranger appearance, to a knowledge of which we have only yet begun to attain. 

The elephants, then very abundant, were not confined in their range to Northern 
India ; they extended also over the vast plains of Tartary into Siberia, and fed on the 
scanty vegetation distributed over a district which now has become absolutely bare and 
desolate. 

It is, however, not likely that at this time the land reached so far towards the North 
Pole as it does now; and there was certainly towards the latter part of the great tertiary 
period sufficient vegetable food, in these vast tracts, to support wandering herds of some 
of the most gigantic land animals, including many groups, which at present, in con- 
sequence of physical changes, ard confine^ entirely to much more southern and warmer 
districts. 

At this same period, in South America, there existed a continent of the same general 
shape as at present, but much narrower, and with less lofty mountains on its western 
side, gradually becoming elevated, though, with occasional intervals of repose, covered 
with vegetation, and having large and deep rivers. 

On this land were tribes of edentate or toothless animals, — ^the gigantic types of the 
sloth, the armadillo, and perhaps the ant-eater. Of these animals, numerous skeletons, 
perfectly preserved, afford us means of re-constructing them in every detail, and wo 
arc enabled to speak of their peculiarities and habits, as if ytc saw them bodily before 
us at the present time. 

In the vast forests, of that day, there moved about, slowly perhaps, and with some 
little difficulty, a singular and clumsy looking monster ; its bpdy larger than that of an 
elephant, and its hinder extremities many times thicker and stronger in proportion ; 
endowed with a degree of resisting strength, compared with which, almost every exist- 
ing animal would rank as powerless. Tlic habits of this creature were, it may be sup- 
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posed, rather peculiar. Judging from its heavy hind extremities and powerful tail— • 
tho arrangement of its fore-legs, in which it somewhat resembled the bear — the nature 
of its head and teeth, and the form and strength of its claws, wo may safely imagine it 
performing the task of tho modem sloth, its nearest representative, but cn&led Jn«root 
up and pull down tho trees of the forest, instead of climbing to strip* them of their 
leaves. Tho creature here referred to is the megatheriumj and there were several smaller 
but still gigantic animals similarly constituted, and assisting to clear away leaves and 
twigs, by bringing their powerful though sluggish limbs to bear upon the task. Tho 
mylodm^ one of these, was nearly as large as a rhinoceros, and of it a complete skeleton 
may bo seen at tho College of Surgeons, as well as a restored figure in the Crystal 
Palace Grounds, reconstructed from the skeleton, by Mn Hawkins. 

At present, the armadillo clears away the decaying wood and offal of all kinds in the 
Brazilian forests, and a magnified representative accompanied the oiegathcrc. The 
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ghjptodmy as this animal was called, ia known by a complete specimen of the hard, 
horny covering or shell, also in tho College of Surgeons ; and tho length of tliis speci- 
men is nearly twelve feet on tho curve, from the tip of the tail to tho snout, while its 
height is between four and five feet. 

Large ludcnts, or gnawing animals, horses, and several other species nearly allied 
to existing races, accompanied those singular animals. • 

It is extremely interesting to find tliat at tUe same period the great island-continent 
of Australia was peopled, as it is now, by a group of animals perfectly distinct from those 
inhabiting the rest of tho world, and characterized by similar peculiarities of structure. 
Gigantic marsupials then lived, representing the elephants and even the larger carnivora 
of Asia ; but, with tho exception of the mastodon, there were, it would seem, no generic, 
forms common to this great district and the rest of the laud in the eastern hemisphere. 

The idands of the South Pacific Ocean of this same hemisphere may, perhaps, when 
fully investigated, lead us to some knowledge of the great continent which once, 
probably, extended across from Australia nearly to Madagascar. Gigantic birds have 
already been foimd in New Zealand, and those are the ancient representatives of tho 
apteryx and of the dodo, thp former a New Zealand wingless bird, and tho latter an 
extinct species found in the 'Mauritius, singularly analogous to fhe dinomis in some 
important points of structure. Perhaps we may yet hope to recover further indications 
of tho inhabitants of a district whiem seems cut off so singularly from the rest of the 
world, and which, in so large a part, is now buried beneath the waves of the great 
Pacific Ocean. 
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In all tiio instances wLcrc jrc obtain a knowledge of the extinct animals wliicli 
flounced during tbe tertiary period, we find thorn grouped together, the grouping 
being gradu^dly more and more limited to existing zoological and botanical kingdoms as 
we adwEince to'F’ards the newer part of the series. It is a very striking feature in this 
distribution, that at a period with respect to man very remote, but geologically modem, 
many animals, now limited within narrow bounds, were once widely q^ad ; ^t many 
generic forms, now represented by species few in number and small in size, were 
anciently yaried in form, and infinitely abundant ; and yet that tho absolute limits of 
natural families, forming larger groups than genera, haye scarcely undeigono modi- 
fication. Thus we see in Europe, in Asia, and in Australia, and also in South America, 
that the great natural families, ^'hctlicr of pachyderms, marsupials, edentates, monkeys, 
or others, are still spread oyc:: similar tracts, and still cut off by similar abrupt and 
unaccountable bands. The elephants, tho rhinoceroses, the hippopotamuses, and other 
gigantic forms, once commonly associated in England with lions, tigers, hyaenas, and 
b.«arg, have now passed away entirely ; but Ihgr are represented by tlic pig, tbe wild 
cat, the fox, the badger, and otfaien, althou^ no doubt they arc also replaced in great 
meagiiro by the more uaelul diMnostic animals kuhDodnoed and fostered by man. 

Vast and important modifinationa of ike eaclh^s nnfime, in this part of the world, 
have, however, beyond, a doubt, taken place witfain a oomp amt iyely recent period ; and 
it may be that Iho dopression of the wirfaoe winoh from the Conti- 

nent, and tho British Islands fam cam another, is evm. continned, and is producing 
effects by no mcan.s trifiiiig or uaunportant, whiiB it. the same time many districts 
of Northern Europe are undergoing elevation. * 

There can be no question that great physical ehmgos of this kind must and wil 
produce corresponding changes with regard to tho animals and vegetables natural to the 
climate ; although man, with his cosmopolitan habits, and his power of modifying con- 
ditions of existence, and acclimatizing various organic beings useful to him, greatly 
checks, and often entirely conceals the effect thus produced. 

Conclusion. — To complete the history of the earth, it is necessaiy that wo should 
possess, as far as possible, an account of tbe last great changes that have affected its 
surface. This can only be attained by a long-coutinuod and faithful record of tlic 
agency of existing causes ; and this record it is in the power of every one, who has 
the means of observing Nature, to render more valuable and more complete. 

It is undoubtedly the case, that of the knowledge we already possess in Geology, a 
large part consists of observations made in particular localities, often without much 
consideration of the circumstances of the adjacent rocks. It is seldom that reference 
has been made to similar rocks elsewhere, or to the result of similar conditions in rocks 
of different geological age, and still more rarely have the various natural history 
conditions, affecting whole groups of rocks, and together forming only one deposit, been 
taken into consideration. And yet it is no less certain that, without this enlarged view 
of all tho facts of tho ease, no important or valid induction can be obtained, and no 
satisfactory conclusions in geological theory ought to be expected. 

The ultimate object of geological investigations is, however, not so much the dis- 
covery of abstract facts concerning the crust of the globe, as a determination of the 
laws according to which successive modifications have been by degrees elucidated. 
Each one of these laws, as it is discovered and applied, leads to frci^ and more important 
knowledge couching methods of investigation, and is thus of immediate prac- 
tical benefit. Tested by knowledge already acquired and applied to educe new 
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&cts, each law does in &ct assist in discovering the rest, and thus every generalization, 
and even every suggertion that admits of wide application, brings us more and more 
■near the last great object, and is of direct advantage to the progresg of sdence. 
Whether hypotheses thus put forth are ultimately found to be true, or whether, however 
useful in the existing state of knowledge, they are in themselves unsound, there is still 
advantage ; for i:^ either case progress is made. 

In thus endeavouring to point out the advantage and use of those generalizations 
which many who wish only to apply their knowledge practically might perhaps pass 
by as not adapted for their purpose, it is desired to impress the imder with the sincere 
conviction, that without sound general views there can be no safe practical use of any 
science. And in Geology especially, where arbitrary andifalsc conclusions might readily 
bo drawn from partial though very extensive knowledge, it is the more necessary to 
guard against the very natural feeling that mere theory^ as general views arc sometimes 
called, is little more than an amusing chapter of romance. General knowedge, in a 
subject like this, is in fact the only knowledge that has any value ; for a power of 
comparing, based on such information, is the only thing tjiat can he useful. 

But, on the other hand, there is no intention, while thus advocating general Icncw- 
Icdgc, to detract from the value of minute knowledge on matters of detail. This also 
is necessary — absolutely necessary — but it is only available when it can bo brought to 
bear by a due appreciation of general views, connecting isolated facts in a reason- 
able way. 

The history cf geology f^wa, in. a striking manner, that this is the cose. Few 
sciences have^advaneed so rapidly, and few have had such vmleut opposition to con- 
tend againat Facta have been aoonsuilatcd, and have been allowed to accumulate, 
because it is difficult to contend against them mdividaa11|r ;.bat earazy attempt to group 
these facts, and obtain reaaanalde general views from considering them, has been mot 
by an array of determined oj^^ononts, who havo axdaiinod.again?t admitting any con- 
clusions whatever that at all a pp a aod paBBonceiTOd! notiona. Still the conclusions have 
been drawn; one aftBranotberha^ approved ilnelf bj simply appealing to the reason 
and the sensei; and, aiihoag^Jiie desiiw of oppeaidim. remains, all the points at first 
demanded have been eooceded in turn. 

Each geneislizatieD. has^ however, induced the ffiseovery of new facts, and these 
again of new lamchuions. Geology has been at length recognised as involving legiti- 
mate subjects of inqnizy, and the world is now beginning to discover that it may also 
Involve queitkaia and conduriona of the greatest importance, and the most direct prac- 
tical utility. 

And if, in spite of the efforts that have been so successfully made, our science doc£' 
not yet occupy its true position, it is at least satisfactory to know that it is advancing 
rapidly towards it, and that the time is gono by when its progi-css can be seriously in- 
terfered with by the prejudices of those who have not made themselves acquainted with 
its facts, or have imperfectly studied its conclusions. On the one hand, it is willingly re- 
cognised as lending important aid to men engaged in tho practical pursuits of life, such 
as mining, engineering, and agriculture; and, on tho other hand, it i^i^beginning to bo felt 
os no derogation from the power and wisdom of the Creator, tlint in tho plan adopted 
for the construction and cazrying on of our earth, and of tln^ material and organic 
world, everything was foreseen from tho beginning, and fonned part of the plan — that 
everything succeeds in its time and place without external interference, and without 
ri^ of injury ; and that each organised being performs the task allotted to it, and 
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retires when its work is done, assisted to carry out, to the best of its ability, the 

one great and unifonn system. It is because the system is so uniform and so perfect, 
that the in^llect of man enables him to discover the method of arrangement adopted, 
anfmako* usejef the discovery for his own purposes, and to his great convenienco and 
advantage. It is thus also that the study of the earth’s crust, instead of being a merely 
curious and vague speculation, has become the means of obtaining with facility the 
various materials of value which arc at present beneath the surface, and of judging con* 
ceming the probable condition of that which is out of sight, idthough there is no 
external indication of its existence. 
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PRACTICAL GEOLOGY. 

Introduction.— The object of geological investigations and the general result of 
such in(j[uirics heing understood, it remains to consider the various modes of its appli- 
cation to practical purposes in useful detail, so that -we may clearly prefro that this 
science, which not long ago amused the public mind, and alarmed the timid with vague 
spceulations and unfounded theories concerning the origin of things, now involves 
much that is absolutely necessary to be known, and has become an essential part of 
sound education; being, in fact, as important to tho engineer and miner as astronomy 
is to the navigator. * 

Since, liowcvcr, it is the ease that geology embraces a wide range of subjects, some 
of which l)car more directly on the natural history of living and extinct races of 
animals and vegetables, while othem arc more strictly mechanical, — and tliat the latter 
arc those chiefly concerned in tho practical applications with which wo have to dcal,-^ 
a very brief summary of such facts may be useful in entering on a new department of 
the subject. 

It will appear, on a little consideration, that facts in question arc of very dis- 
tinct kinds, and may be considered separately ; for we may regard the earth’s crust 
either as tho place upon which, or with^ which, various operations arc to be performed, 
or we may regard it as tho great depositary of all useful and valuable mineral sub- 
stances, of whatever nature. Thus the agriculturist w'ill rcgard tho earth and tho 
rocks present in his district as providing the soil, and supporting the plant mechanically ; 
but he may also look for valuable minerals to mix with his soil on tho surface, and 
may be obliged to consider what hidden but determinable facts will interfere with or 
assist his draining. So, again,, the architect and engineer will require to dig in some 
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places for stone and clay, in order that they may erect some structure in another place, 
where it is important that the foundation should be sound, and where no unusual 
diffieulttstiimd be anticipated. And so also the miner, while he is merely anxious to 
cxtr^.mi^effal wealth, must also regard and carefully estimate the difficulties ho will 
hasre:to^mllto^with, while piercing to great depths beneath the surface, or burrowing; 
to a distance witUmia hill. 

ISow,, in order to understand the applications of geology thus presented, it is neces- 
sary to,* be fbmiliar with certain principles and facts, relating chiefly to those masses of 
mattes already dteusihed as rochs^ and concerning which it is important that the prac- 
ticed geologist' should: know both their mcchanicol and chcmioal! condition^ and tliciv 
mechanical position. It has been the object, in the preceding pogos, tn present these 
to tlie reader in their simplest effid most comprehensiyc form. 

Such facts duly appreciated, and the basis of geological science once laid, it is nso- 
fiJ to notice how completely, not only the' earths structure but tlie habits and even 
civilization of its inbabitants, corresponds to tliis geological condition. Tims in our 
own country it has been often observed that the inbabitnnts of the mountai]^ districts 
differ much from those of the plains, while those of the lowlands vary according to tlie 
nature of die uudcrlying rock, because that influences the cultivation. 

The gcologieal- structure and conflguration of any country’ are the main foundations 
of its physioal aspect; and the various operations of elevation, dcpiossion, and denuda- 
tion, which it is. the object of the geologist to study, arc in effect the causes of all 
modifleations of the aspect and stnicturc as originally impressed. Thus the mere fact 
of a line of hills in a country or a district, sloping gradually on one side jind much 
steeper on the oppoi^ite side — or elsewhere, of hills rising regularly and with monotony 
— will of itself mark the physical cause of such appearance, whether it is due to a 
distinct elevation, or to the outcrop of some hard bed. Wherever distinct and dcfijiilo 
physical fea^rcs occur, some geological cause may always be traced ; and, on the other 
hand, every important geological event that has last happened in a district, is indicated 
by physical features. A knowledge of this is often extremely useful to the traveller ; 
for in this way ho may determine the probable direction, or even the possible existence 
of rivers and mountain ridges, and also tlie places whore natural mineral riehc.s are 
likely to bo found. ^ 

The nature and u.sc of geological maps and sections — of which many and excellent 
examples arc produced hy the geological surs'cy of Great Britain-- may also ho recog- 
nised in their application to important practical questidns constantly arising in agi-i- 
culturc, agricultural engineering, architecture, civil and military engineering, and 
mining. Each of these pursuits and professions having reference to material obtaineil 
from the earth, and also to the earth as the basis of operations, involves many faets of 
direct geological interest. It is only by a knowledge of geology, and of the mode of 
applying such knowledge, that mueh progress can ho made in Ihc higher and more 
suggestive departments of those sciences ; and it ^vi^ not be considered that there has 
been any unnecessary consideration of details in what has been said in previous pages 
concerning tho nature of rock masses, their chemical composition, the mode in which 
they were aggregateS, and the changes they have since undergone. These facts being 
the foundation of practical geology, arc in every way worthy of careful consideration, 
and cannot he too well understood or too often thought of by practical men. 

'Whilst tho applications of geology to agriculture, engineering, and mining, arc direct 
and immediate, and will require each in its turn the careful attention of the student. 
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there is one other less manifest, but equally connected with the subject, that may be 
regarded as preliminary. It is not alone to mechanical arts and appliances that the 
study of nature is essential. It is equally so to those who would represent the varied 
physiognomy of nature in its rocks and moimtains, hills, valleys, and plains, ap^^ho 
for this purpose loam the arts of drawing and painting, and apidy them fo represent the 
forms and colours that please the eye and instruct the intellect. The artist, as well as 
the engineer, and the critic in art as well as the artist, require knowledge and science, 
that the one may produce, and the other recognise and appreciate, a trae transcript of 
nature. 


APPLICATION OF (iEOLOGY TO THE FIXE ARTS. 

Neglect of the Study of Natural Histor^. — The gcnci-al principles of 
Natural History, in the extended s( nse of the term, have rarely been tlic object of 
thoughtful study, (*ithcr to the artist or the critic of art. This has, perhaps, been 
owing to a prevalent notion that such knowledge would tend to the frittering away of 
power ill juiiiutc detail, and might iiijiiro ideal ti'uth, whieli it is the highest glory of 
art to attain, hy dragging down the mind to the contemplation of what is mechanical, 
and belongs to the individual rathiT than the speeies. Tliis danger has probably 
been over-estimated, and the value of truth in representation has, in a corresponding 
di'grcc, been lost sight of. * Lately, indee d, landscape painters generally, hut especially 
those of our oivn country, have shown, by many admirable examples, the advan- 
tage of a close study of nature, and an attempt at minute adherence to this truth. 
The conventionalities of former agea are regarded in their true light, and men have 
come to believe, hy the evidence of their senses, that the tme ided in landscape, 
as in historical painting, is to bo obIgEdned only by honest and incessant study of the 
works of Nature, an acquaintance with tho laws of Nature, and a careful observation of 
tho actual results of those laws traceable at all times and in all places. 

But it has hardly yet been thought essential to the proper education of every one, 
with a view either to the practice of art, or tho acquisition of a sound judgment, that 
he should actually know and understand the facts of Natural History, and the laws of 
Nature. Wa are all apt to regard clFoets, and not causes;— we look at the objects 
before us — ^not with an inquiring mind, hut rather^ as simido facts that have no 
reference to each other and to ourselves ; wo often neglect the most important of all 
operations, tho connecting together those phenomena that we observe ; and we seldom, 
of our oMTi accord, refer our sensations and enjoyments to their real sources. 

It is indeed tnio, that since the earliest period from which the modem art of painting 
can date, the pursuits of science, strictly so called, have mutually honoured, and been 
honoured hy tho exertions of genius in this high and noble department of the fine arts. 
And whether we consider the actual details of discovciy, or the grand gcneralizatioiis 
which have been their consequence, tho imitative arts have in all cases been assisted in 
their progress by each step mode in true philosophy, and in the advance of physical science. 

But although this is the ease, and notwithstanding tho host of glorious names that 
crowd at once to illustrate the fact, yet it is not to be denied that the advantage has 
boon unequal, some departments of art having benefited much mon^ than others. Thus, 
while in ^o great works of jRafFaollc, Michael Angelo, Da Vinci, and others, we recog- 
nise tho most elaborate and thoughtful truth of detail and appreciation of structure, and 
learn that the study of their lives was devoted to observe nature, and illuminate with 
their genius what they really saw with their external senses, and comprehended with 
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their intellects, yet wore their studies chiefly limited to the delineation of the human 
figure, and some few of the more obvious natural phenomena essential to the elucidation 
of great historic subjects. There arc reasons for this which it is not part of our purpose 
now^ diqpiiss. 

aA and 8cience.—It is beyond question that great and successful works of art 
arc among the most noble and the moat useful of aU human triumphs. Art is the 
expression of nature, as comprehended by the most pure and exalted imaginative powers 
of man's intellect ; it is the means by which all the great truths of nature arc com- 
municated from man to man ; it involves the great principle of illustration by which 
the senses become available for the transmission of new ideas; it is the agency 
employed to harmonize and civilize the great mass of the human race. 

Science, on the other hand, %ay bo described as the questioning and investigating 
of nature — the laying bare the causes of things, and the method adopted wlicn wc 
would analyze comi)licatcd phenomena, and comprehend the meaning of truths ohserved 
and felt. Art and science thus work together in the improvement of the human family. 
AVithout art, scientific investigation has little interest beyond the original (yseoveror ; 
for it is not enjoyed and appreciated hy the mass of mankind. AVithoiit illurtration, 
adapted to the nature of the ca.se, the discovciy of general vienjs is useless in ailvancing 
and humanizing mankind. On thcj other liand, art, dissociated from seiem e, if it had 
already advanced, d('generat(‘s, or never rises above tlio faf&o ideal of the uneducated 
fancy. Chinese paintings wi'll illustrate tliis position. The artist, therefiuv, should 
know what science is — lie sliould appreciate \vhat lias been learnt — ^lic should bo aware 
of what is possible and impossible in nature*, before he gives the reins to his imagination. 
Science, also, must avail itself of the resources of art to be permanently and generally 
useful. * 

Art and science being thus mutually dependent, it will, I think, he manifest that 
the artist should not be contented with observing things as they arc, hut should also 
inquire into causes. I have already observed that this has been done to a certain extent 
in the case of the human figui'c; for it is universally admitted, as absolutely essential, 
that the artist should not only study the imdrapcd figure, but even so much of anatomy 
as shall teach the general structure of the body — the bony framework, as w(*ll as the 
muscular masses and the connecting tendons. It seems reasonable to siqiposo that this 
kind of knowledge is desirable in one department of art not less than another ; that 
if the earth herself is to be delineated, it should not be without knowledge of her actual 
structure ; that there should be something taught of the skeleton of fundamental rock, 
the muscular covering of super-imposed masses of matter, the drapery of vegetation, 
and the thin and delicate veil of finest gauze, which, in the form of atmosphere, is the 
cause of so many modifications of tint, and so much that is beautiful and graceful in 
colour and shade. 

The object, in the subsequent pages, will be to give such kind of information ; and it 
is believed that this ground has not before been occupied. It is not indeed in the 
character of a critic of art, much less as an artist, speaking esc cathedra^ that these pages 
arc written ; for tho author of them is not sufficiently acquainted with art to m^c 
any such pretence, llo thinks, however, that he knows enough of tho subject, as thus 
indicated, to give useful general information ; and being very deeply interested in all 
that relates to the science of geology, and in its application to landscape painting, ho 
ventures to give opinions and proffer information in the hope that they may be useful, 
at least as suggesting matter for discussion. 
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The Axt of Painting. — It has been often stated that the art of painting is a 
noble and expressive language. It must then bo accurately learnt before it is fitly 
used; but the mere fiEict of its being learnt does not necessarily insure the production 
of great and admirable pictures, any more than the knowledge of ordin^* langjiagcs 
docs the writing of a great poem. To produce these it requires inveiftive genius and 
truth of application, os well as familiarity with its use ; and being thus an instrument 
by which man addresses his fellow-men with the intention of communicating ideas, 
that kind of art will readily be admitted to be the greatest “ which conveys to the mind 
of the spectator the greatest number of the greatest ideas.’* If this is so, then truth of 
nature, derived from a knowledge of Nature and her laws, is the only fotmdation of true 
greatness in art ; for there is nothing great in falsehood, nothing pleasing in ignorance ; 
and certainly nothing impressive can be produced by tffi) mere repetition and reiteration 
of examples of acknowledged rules. 

Knowledge, then, is desirable, in order that the artist may understand how nature is 
to be truly described ; and in art, as in the ordinary affairs of life, it is well to be aware 
of causcstts well as fiicts, that we may fitly perform our part in the world. The know- 
ledge needed by the artist, with regard to natural objects, involves various inquiries, 
spread over many sciences, and perhaps for this reason has not yet been conveniently 
collected into a single anc^ comprehensive treatise. "We must resort to chemistry and 
meteorology, to physical geography and geology, to zoology and botan}'; and from each 
of these great and important pursuits we must seek for information concerning facts 
and causes which can afterwards be brought to bear for the benefit of the true and 
honest student of nature. 

Nor is information of this kind less useful to the general reader, who has been told 
of facts, but has not yet brougUt his information to bear in any practical way on their 
application, whether to art or other purposes. Knowledge is good, but Imowledge 
without thought and comparison has but little practical value. We must therefore 
trace the relations of these sciences, and the full though often obscure application of 
the laws we discover. 

The facts and truths of nature, which we propose to consider and describe, relate, 
first, to the conditions in which matter is presented to oiu: investigation on the globe ; 
secondly, to the forces which affect matter, and the madifications they induce ; thirdly, 
to the internal structure of the earth, as affecting its external aspect ; and, lastly, to the 
way in which the earth is clothed with vegetable and covered with animal life. 

In that part of the present treatise devoted to physical geography, it has been men- 
tioned that the earth is composed of matter, and combinations of matter, presented for 
investigation in the three forms of solid, gaseous, and liquid. There is the solid nucleus 
of land, an ocean covering a large part of the land, and an aerial or atmospheric veil 
covering the whole more or less completely. First, let us proceed to consider the 
atmosphere as it affects the principles of art — a subject of vast importance and great 
extent, and which wo can only very slightly sketch on the present occasion. 

This atmosphere is a transparent veil of elastic matter entirely covering the earth, 
and extending to a distance of more than forty miles from its surifticc. At that distance, 
however, it is so exceedingly thin and expanded, that no instruments wo are possessed 
of would enable us to form any notion of its existence. TSTicn it is considered that the 
diomotcr of the earth is 8000 miles, the long^uage used in respect to the atmosphere, 
that it is nothing more than a thin veil, will be seen to bo justified, for in reality it 
does not eorrespond to more than a coat of varnish on a torrestial globe three feet in 
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diameter. ](| is, however, important, when considered with regard to surface phenomena 
of the earth; and all living beings on the globe actually depend on the air they breathe 
for the continuance of their existence from^one instant to another. 

](f^h^-AWith reference to the principles of art, the atmo8|dicre is important chiefly 
in its relations *to light, and this partly in its pure state, without aqueous vapour, and as 
a substance nearly but not quite transparent, but chiefly in connection with the large 
quantity of water which is always present in it; sometimes held in solution in a way, 
and to an scarcely interfering with its transparency— sometimes visible in 

the shape of jiiist» and sometimes in the apparently solid form of cloud. The atmosphere 
is greatly|aflected in all respects by changes of temperature and electric condition, and thus 
its phenomena are iilfluanced by the laws governing light, heat, and electricity. From 
the action of such la'#s occur nihnerous changes of very considerable magnitude in rela- 
tion to the condition of the air and its efleet on the appcai'anccs of near and distant objects. 

To the artist, lig^t is so important in many w'ays as to need a special study, in 
order to comprehend fully its nature, properties, and effects. It is important in itself 
positively, as being the only means we have of clearly distinguishing and fully com- 
prehending the various objects that surround us. In this sense it is dcsirablo that all 
should know something of its nature, in order that 'vro may learn how to make use of 
it, and apply our knowledge to detomiino its efibcls on various material objects. But 
it is very important to remember, that w'ithout the atmosphere light w’ould bo of no 
rsscntiid use to ns. All would he positive, direct light, or absolute and total darkness. 
Our visual organs are so constituted as to requii’c certain modifications of light, and 
such a distribution as shall insuiv shadows not perfectly dark. These are essential to 
the use of oui* organs of sight. If it were not for the condition of the atmosphere as 
it exists on the earth, light might indeed be conveyed from the sun to us, and thus 
roach the eye directly ; hut in this case, cvciy object that interfered between the source 
of light and the organ of vision would produce perfect darkness; not a shadow', in our 
sense of tho term, but a blackness or darkness far greater than anything wo ever per- 
ceive or can imagine. Total darkness would occur in such case every time tho sun 
was concealed. It would be impossible to liavc indirect light, for within any building 
where the sun could not directly penetrate, or to which there w'as not direct reflection, 
the gloom would be total. Those would bo nothing more than broad open sunshine, 
and perfect black darkness. »Such w'ould bo tho condition of things, w’cre wc either 
without an atmosphere (if that were possible), or provided witli an atmosphere w'hich 
was perfectly transparent, and allowed all light to pass through it without reflecting any. 

Our idca^f light are, however, so completely derived from its effects as seen on 
the earth, ana aro thus so associated wdth tlio results of atmospheric action in absorb- 
ing and distnbuting it, that wo can with grcat difficulty imagine any fundamental 
modification — although there is no doubt that the conditions of its cxistenco might bo 
very much altered in many respects. As it is, however, their supply of this important 
agent is governed and\afleeted by a vast number of causes. Thus a certain j^roportion 
of the light coming to the earth is at once absorbed, or, as it wore, annihilated ; the 
quantity depending on the quantity of air passed through. It has been estimated, that 
if our atmosphere, instead of being forty miles high, were as much os seven hundred 
miles, and all of tho same nature, this difference alone would bo sufficient to insure the 
total absorption of aU direct light from tho sun beforo the solid surface was reached. 
In tius case the atmosphere would be light, but the earth totally dark. 

Beflaotlon, Aeteetlon, and Ataoiptlon of Lleht.— Of the light not ab- 
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sorbed, a part is dispersed oiv distributed by reflection, so as to produce mifch illumina- 
tion in the atmosphere, where no direct beams are ifltroduced, and where there is no 
direct reflection from any apparent substance. When a solid body, not transparent, 
is xdacod between the sun and the earth, the rays of light (which moye Ijirough space 
in sti'aight lines) ai’e intercepted, and the natural result would be, that an dilute 
shadow, or, in other words, a total darkness, would result. This is prevented by the 
dispersion of light, so that shadows never show more than a partial, and often only a 
very small decrease of brightness, toning by gradual degrees from tlio deepest obscurity 
at the centre, to a near approximation towards broad light at thp edgeal Small objects 
thus show less decided and less deep shadows than larger bodiea. and the largest are 
greatly affected in the depth of shadow by the brightness of th,o sprowding light, and 
the clearness of the air. So also in the interior of Ifllildmga/lijajpedGBOtly lighted by 
windows opened in vertical walls, the direct light that enWs is smaU, hut ample illu- 
mination is obtained in consequence of dmpersion. There Jii, .however, besides true 
dispersion, a large reflection of li^ from all solid bodies. Boma^ih]adk colour reflect 
indeed hgrdly any, absorbing almost all; w^bilo others, with a brij^'vrhite omfisce, 
reflect nearly all; and the iuterveniog degrees of brightness, with some modifleation 
from esiiH]r, -8onespond with ithc quantitioB df light 'absorbed— tho daDEkest absorbing 
most, aafl’&llightest refleotiag most. 

A pencil of light, in passing from the sun, x^rocecds in a straight line till it reaches 
the transparent atmosphere of our globe. With the exception of those rays that enter 
the atuiosphcre vertically the pencil is then bent aside, and continues bending round ; 
the .successive departures from the straight lino depending on -changes in the density 
of the air, and therefore gradually increasing from the outer limit of the atmosphere 
to the solid surface of the globe. This deflection, which takes place every time that 
light passes from one transparent medium to another, is called refraction^ and produces 
a number of effects t)f givat importance. Owing to tliis, the snn, stars, &e., ai*c never 
seen in the places they actually occuiiy in relation to ourselves on the earth; for the 
ray that impinges on the atmosxdicre, and is bent there at a certain angle, comes to the 
l yc as if from a different point to the retd one. So also, when any object is seen thi*ongh 
an atmosphere of vaiying density, or through glass or other transx)arent substance, all 
rays not entering perpendicular to the interfering sub|tanco ai*o bent, and give a false 
idea of position. The nearer the sun, moon, or stars appear to be to the horizon, the 
more is the light refracted, and thei'oforc the more false is the assumed position of the 
body. At tho rising and setting of the heavenly bodies, there is thus the maximum 
variation from refraction. 

All visihlc objects arc so only from tho fact that they either emit orSreflect light ; 
and r .3 every X'JU't of a surface reflects according to tlic same law, a complete impression 
of foim is transmitted thi'ough tlic eye to the mind. AVhere, however, cither refraction 
or reflection is imporfect/'''and tho form impressed is incoinxdctely given, mistakes 
occur of the gravest kind. 

Atmospheric illusions, connected with irregular and unusual rcfractiou, 
ore well known to occur in various ports of the world, and on vaiious occasions. In 
the Scotch mountains, and on tho Hartz, gigantic shadows have toqucntly been 
observed projected on mists or cloud, sometimes the reflection of the individual observing 
the pLqunTnfinftj but uot unfrequcutly enabling a person to see distinctly objects which, 
under ordinary circumstances, would be hidden either by the curvature of the earth or the 
intervention of a main tain. In tho Polar seas, where causes of unequal refraction arc 
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very Gommon, ships have often bepn soon in the most extraordinary positions ; and in the 
great desert, tho false appearance of water and trees in the distance is frequent. Under 
the name inxrag$ these singular phenomena have been often described. Tho fata mor~ 
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gana^ common enough on the coast of Sicily, is another singular example ; and the 
atmospheric illusion represented above will enable the reader, not familiar with such 
facts, to judge of the nature and extent of tho change produced. 

Goloiu.— A pencil of white light proceeding fh)m the sun is comi>ound ; being, in 
fact, a combination of rays of coloured light, heat rays, rays producing chemical action 
&c., in certain proportions which we need not here discuss. '\Vhcn light falls on some 
substances which have the power of absorbing colour-rays in a different proportion 
from that which makes whiteness, the reflected portion becomes tinted with colour ; 
and if a ray m transmitted through glass, water, or other transparent substances, placed 
in certain positions, it is decomposed on emergence, presenting a line instead of a spot of 
light, and exhibiting colours if the image is received on a white surface. This coloured 
line is called the prismatic spectrum. A drop of water and a prism of glass perform tho 
same operation in this respect, and when the eye is so placed as to receive tho images 
from a number of drops at tho samo time, the result is a rainbow or halo, according to 
circumstances. The rainbow is then a result of the breaking up into their several 
parts of the rays of white light proceeding from the sun, each one being decomposed as 
it passes through a drop or vesicle of water formed in the air during a show’er, and 
about to be precipitated in the form of a drop of rain. 

It will then bo easily understood that a rainbow is so only to tho spectator, and 
that each spectator sees his own bow and no other. Ocoasiomdly a second bow is also 
seen at the same time, outside the first or principal one, formed by rays twice reflected 
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within other drops. This second bow has the colours reversed, and is fainter than the 
first, more light being lost by transmission and reflection. The natural order of colours, 
or that observed in the principal arch commencing nearest the earth, is from violet 
through the diadcs of blue to yellow, and thence through orange to the shddas of {cd. 

The rainbow is an arch depending for its completeness and magnitude on the alti- 
tude of the sun. When near the horuon there is nearly a semicircle, but often a part 
is wanting. When the observer is placed on rising ground, he may see. ifiore than a 
half circle, and if it were not for the interference of the earth a Cit^e would be visible. 
In the case of waterfalls, and natural or artificial fountainfii ft OQ^^d circular > halo is 
not unfrcqucntly seen. The interior of the bow is bri^ter thk&flPtest of the sky. 

Other effects of coloured light arc seen in consequence of the wroqiption of certain 
rays while passing through a large quantity of atmosphere mixed with aqueous vapour. 
In the absence of much vapour, more yellow and red rays than blue arc absorbed, and 
thus wc have the clear sky showing a deep blue tint. As vapour is added, the blue 
becomes first gray, and then yellow, passing through orange tints to the deepest red, 
the blue rays first, and then the yellow being taken up, and nothing loft but the red, 
when at early morning and sunset the bright light of the rising or setting sun passes 
through and is dimmed by a large quantity of atmospheric air. 

The peculiar grayncss tf^at affects all lights, whatever bo the quantity or colour, is 
wcU known to artists, and tho cause of it— vapour in the air — should never be lost 
sight of. Distances require more ai I more gray as they recede, and positive colours of 
all kinds must be largely qualified w\ '-.h this sobering mantle, if they arc to represent 
truly a natural object in its natural state. 

Colour is commimicated directly to various objects by tho agency of the atmosphere, 
but it is also possessed by them naturally. Thus we not only have rocks of numerous 
tints of red, yellow, and blue, but they arc often coloured by lichens, mosses, herbage, 
flowers, and trees ; so that there is hardly a single shade that may not be matched in a 
landscape. The morning and evening lights passing, as has already been said, through 
many layers of air charged to a different extent with vapoui*, give all imaginable 
colours of yellow and red to the clouds, and mists on and near the horizon at no 
gi-cat elevation; while the light passing somewhat higher, having the blue and yellow 
rays abstracted, gives a clear rosy tint to the elevated •ummits of mountains. When 
these are covered with snow, tho tint thus thrown and reflected becomes more delicate 
and exquisite that can be conceived, and the contrast afforded between the last rosy 
reflections from a snowy peak long after the sun has sunk beneath tho horizon of the 
plains, and the cold silvery gray of moonlight succeeding it, is only to bo understood by 
those who have wandered in mountain districts, whore the climate is fine and the air pure. 

Auxoxa Boxealla.— Temperature greatiLy affects the state of the atmosphere in 
regard to light, both transmitted and reflected, and thus also modifies colour. But 
besides temperature, tho electrical condition of the air assists in producing phenomena 
of groat interest, especially in cold climates and high latitudes. Of this kind is the 
aurora borealis — an evidence of a peculiar kind of storm, during whose brilliant corus- 
cations the electric equilibrium of the earth is restored. This phenomena is connected 
with the position of tho magnetic poles of the earth, and takes place in the upper 
regions of the atmosphere, being frequently seen at the same time over a largo extent 
of the northern hemis]^ere. A similar appearance has been observed near tho south 
pole. Few artists have ventured to catch tho evanescent and dedicate tints displayed 
during play of elements. They are equally difficult to connect and retain; and the 
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form in which the rays of coloured light appear, though often penuanent for a consi- 
derable time, includes so much flaEdiing, and such singularly shifting points, that thcro 
is little hope of retaining the accurate representation of any portion. 

^0 fplk)wing account of tho aurora may, however, bo useful, as it is accurate, and 
details the chief points in a magnetic storm. At tho commcnccnient, a white and 
Luninous cloud appears in the direction of the magnetic pole, and roiuains there for 
hours in a stationary position. From time to tjnrie luminous waves and bnght pencils 
of h^t spread themselves around the cloud, while bright scintillations and segments 
of circles more or less illnminatcd, appear and disappear successively at dUfcTcnt points, 
t^onictimcs the light of tho cloud is pole pink, but occasicually dame coloured, an d the 
whole heavens pr^dnt the appearance of a gi’cat fire blazing near the liorizon. 

Although the brightness tho aurora is often vciy considerable, the fixed stars 
•may frequently bo distinctly seen tliriugh it, showing that the intcnsit\ is small, and 
that it occurs in the higher regions of the atmosphere. 

It lasts for many hours even in our latitudes, and further north is often almost 
incessant during the long winter nights. , 

Tho annexed Cut represents some of the ordinaiy appearances of on aurora, as seen 
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whcro tho coruscations oro sometimes so brilliant and of sucb extraordinary varieties of 
distinct colour, as utterly to exceed anything in our own islands. Very curious modi- 
fications of tho auroral arch have been observed, and it even appears that some districts 
arc now more fre<iuently subject to these magnetic stdhns than they weic jin f^cr 
times. • 

Clonda.'-Clouds are x)hcnomena fhr more' stationary and more easily studied. 
They consist, however, only of certain portions of the vapour present in the air, ren- 
dered visible frequently by tho contact of two atmospheric currents in different condi- 
tions as to tcm])craturo and electricity, and constantly being destroyed and replaced, even 
when apparently remaining unchanged, l^ight fleecy clouds, in the higher parts of 
tho atmosphere, are no doubt immediately connected with electrical changes, and may 
be independent of temperature, and have nothing to (B with rain ; but others nearer 
the earth arc more easily traceable, and more pcniianciit. 

Clouds arc of various kinds, existing in very different parts of the atmosphere, pro- 
duced and modified in various ways, ( xhibiting distinct modes of grouping, colour, and 
foiau, and Requiring to 


be studied, not only in 
themselves, but with 
refoi-cnco to tho states 
r)f tho atmosphere in 
which each kind jne- 
vails. The highest 
are those already re- 
fciTcd to as probably 
eonnccted with olec- 
liieal changes in tho 
higher poitions of th() 
air. They arc tech- 
nically called cirrtts, 
and vary in form and 
elevation rapidly and 
repeatedly. liongliair- 
liko streaks of broken 
threads; spreading out 
in fnn-like form, as if 
from a centre ; or sniiill 
himi).s of curly vapour, 
dotted like iloei:cs of 
cotton over the ^ky ; — 
tlicy assume an infi- 
nity of shapes, and are 
common in the finest 
weather in our lati- 
tudes, being known by 
various names, such as 
mare’s tail, mackorcl 
sky, &c., which the 



rJUlHKLION. 


fancies of the poet or the sailor have given. 


It is often difficult to dotermino their 
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elevation, as they range iar above the tops oven of the loftiest mountains ; but they have 
been calculated as occurring at least four miles above the surface of the land in some 
parts of Germany. 

Iq^thesif fleecy vapours, often perhaps flpowy even in the greatest heats of summer, 
owing to theif great altitude, are formed those halos and parhelia, or false suns, which 
arc occasionally observed ; and these ai^ doubtless due to the refraction of the light 
through frozen particles. 

Paz]ielia.~Thc following account of a remarkable phenomenon of this kind is from 
the Philosophical Transactions of 1733,** and is illustrated in the Gut in the preceding 
page. It is by Whiston, who says, About 10 o'clock, a.m., Oct. 22, 1721, being at 
Lyndon, in the county of Rutland, after an aurora borealis the night before, windW.S.W., 
I saw an attempt towards two mock* suns. About half or three quarters of an hour 
after 1 found the appearance complete, when two plain parhelia, or mock suns, appeared 
tolerably bright and distinct, and that in the usual places — ^namely, in the two inter- 
sections of a strong and large portion of a halo. The mock suns wore evidently red 
towards the sun, but pale or whitish at the opposite sides, as was the halo also. Look- 
ing upward, we saw an arc of a curiously inverted rainbow. This ore was as distinct 
in its colours m the common rainbow, and of the same breadth. ’* 

▼azieties of Glouds.'-AVhen the cirrus clouds arc ajiundant, they often precede 
at short intervals a change of weather. They then, in consequence of altered tempera- 
ture, and the meeting of currents of air in different meteorological conditions, pass into 
streaky bands more adherent in appearance than the ciiTUs, and obscuring the light of 
the sun. The atmosphere near them becomes white; and if at the horizon, strong bands 
of dense vapoury clouds replace the light fleece. These arc called chro^atratus clouds. 
Occasionally the light small ragged and fleecy portions in the upper air become appa- 
rently more compact, and resemble balls of rather loose cotton, several cumulating 
together, but not obscuring to any extent the light of the sun or moon, which arc readily 
seen through them, surrounded with a corona.- This is eirro-cumttlits. 

The streaky character of the cirrus is often observed in what seems to be a peculiar 
modifleation, the clouds appearing to diverge from a point in the horizon, widening and 
spreading out towards the zenith, and again coUcctiug towards a point in the horizon 
diametrically opposite the first. This is, however, an optical illusion; the cloud.s 
really existing in parallel bands, and the collection into a point at the horizon being 
a simple effect of perspective. The points of the compass, towards which such clouds 
appear to converge, vary in different places near the equator ; they are chiefly north 
and south, but^ our dimato and latitude they are more commody tending towards 
north-east ondlpiuth-wcst. 

All these vaneties of cloud appear to pass into the eumuluSf which arc much lower 
and more distinct m form, and often accumulate during ti fe n weather in the heat of 
the day, by the passage upwards of currents of heated monf Sir meeting the cooler air 
of the higher regions. Towards night the currents cease td'rise, the air clears, and the 
clouds may disappear. But this is not always the cose, as they sometimes continue to 
rise, and passing firat into the state of cirro cumulus terminate in cirri. 

It is the cirrus and cumulus clouds that chiefly deserve the careful study of the 
artist. They present the most fantastical forms. Their colour, though sometimes a 
dull gray, is often of the most brilliant white, and they take rosy and other tints from 
the rising or setting sun. Their shape is heaped and massive, feathery, or curl-likc — 
grand, beautiful, or pretty, as the circumstances of the moment may determine. They 



ACCIDENTAL COLOURS OF CLOUDS. 141 

vary in height, from ono to four or five miles, and in magnitude from tho thinnest and 
smallest visible form of vapour to masses nearly a thousand yards in thickness. 

Tho other clouds arc called nimhusj or rain clouds ; and though occasionally fine in 
their commencement they rarely long retain this charaeter, but pass rapidly into mist, 
and present only a uniform monotonous veil ^ .vapour. • * ^ 

The effect of clouds on the distiibution df light in the atmosphere, and conversely 
the effect of light on clouds, arc matters important to the artist. Clouds often | 
transmit red light, the other rays being ^sorbed by the vapour contained; but the same 
masses of vapoiur reflect white or coloured light, according to various circumstances little 
understood. The larger and more massive cloiLds reflect light from all parts of their 
surface, and tlius one greatly modifies the appearance of another in a manner constantly 
changing with the relative positions of the cloud and th#8un. 

It rarely happens that clouds, liow'cver thick, are not to a considerable extent trans- 
parent; but, as already observed, they transmit coloured light, and being of different 
density from the air they also produce a certain degree of refraction. Their edges arc 
thinner th^ their centre, and often in a different state for acting on light. They often 
cover only a portion of the visible hemisphere, and generally consist of several very 
distinct layers affected by and affecting light in voiy different ways. 

Tho eye receives the idea of colour, iji ordinary eases, only when a ray of coloured 
light enters it. But anothef* mode must be mentioned as scarcely less important, con- 
nected with tlio faculty of mcraor)*, by means of which the absent or complementary 
colours arc presented to the mind, when by any cause the eye has become fatigued by 
any strong light, whether of wliite, positive colours, or black. Thus, after looking at a 
white object intensely, the eye, if removed, or even while continuing to regard the 
same object, relieves itself by substituting a black imago, and the converse ; if the 
object looked at were red, bluish green is the relief; if orange, blue; if true bright 
ycUow, a deep indigo ; and if green, a reddish violet ; in all eases, the colours, which, 
if supplied, would make up white light. These arc called the accidental colours belong- 
ing to the various distinct tints, and they affect our ideas in nature with respect to the 
colours of natural bodies, and also modify greatly the colours attributed to clouds. 
Thus, for example, the eye regarding steadily a mass of cloud, soon becomes fatigued; 
the accidental colour is then seen ; so that often the '^diolo impression to the mind is 
modified, and tho same scene presents itself differently to different persons. 

Tho actual colours of clouds then, as judged by the eye^ and referred to by the 
artist, depend partly on the nature and quantity of the light they transmit, partly on 
the light reflected by them, partly on unequal absorption of the coloured pencils, and 
partly on the peculiar constitution of the eye of the observer. Jr' 

Another result of clouds, and of lights transmitted or reflected by them, appears in 
the shadows produced in QO^eotion with these masses of vapour in tho air. A shadow 
may arise in conscqucnc^;lmer of a considerable absorption of all rays, or a more rapid 
and complete absorption oH^iBomo ono or some group. In this latter way arc produced 
coloured shadows ; but these also aro assisted greatly by tho eye and its imperfect 
action, sinco the accidental colour presented to the mind is often mistaken for tho real 
tint. Every one, looking steadily at a varied landscape, sees pasrtly true and partly 
accidental colours, and probably no two persdns sco exactly the same. 

Aeilal PenpectlTe.— It remains to consider tho causes and physical principles 
of one or two matters intimately connected with tho phenomena of light passing through 
the atmosphere.. Aerial perspective, chiar* oscuro, and tone, aro amongst tho chief of 
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these. Every artist, even without knowing their exact meaning, focLs and knows that 
such things exist — ^that ho must realize them, and act upon them cither by instinct or 
education. They arc indeed essential to the representation of nature and the apprecia- 
tion art • 

In the way of definition we may describe aerial perspective as involving such an 
expression and representation of s 2 )aco as to give the idea of distance, and the separation 
• of interfering bodies that do not touch, by a proper treatment of the gray tints in the 
atmosphere. Tone is the relation of light and shade in reference to distance, and is 
given by a nice treatment of its illumination, while chiar* oscuro includes onlj’ that 
general arrangement of light and shade which is required to give a proper idea of real 
objects. It is not, however, for us to dwell here on the working out of the great 
principles involved in those thfbo essentials of painting, but rather to recommend to the 
artist tbo due consideration of their meaning in reference to the, above 

enunciated. 

Form and Stzucture of tlic Eaxth.— Tlie operations of the artidi^^' inference 
to the reprcsonlation of nature generally, and therefore include form afi^^^i^ucture, as 
well as effects of light and shade, contrasts of colour, and preuliaritiea of ailinosphcrie 
effect already noticed. It is indeed of the utmost importance that the landscape 
painter, more especially, should he aware, not only of the ^general fact that there is in 
nature a harmony of form arising ft oin and connected with structure, but also that ho 
should understand so much of the true principles of structure as may cnahle him to 
pursue his art with siicccs.s, and represent natiu’c with tnith. 

The earth may he considered as having the general outlines of its fonn derived from 
the great mass of underlying rocks, Avhicli wo may therefore regard as the bony fiume- 
work or skeleton. Clothing this framework, as tho flcsli conceals and covrTs the 
skeleton, is a mass of matter, originally obtained from the degradation and wearing 
down of the older and fundamental rock masses, and now exhibited generally as stratified 
and detrital material, retaining here and there the old form, and not unfrequcntly 
penetrated by the nidcr and more angular projecting angles, but still characterized l)y 
more regularity and tameness. The external surface usually shows a yet farther 
softeaing, corresponding perhaps with the skin^ as the stratified masses do Avith the 
muscle, and, when draped with^vegetation, completing tho development of form in the 
landscape. 

In all easc^i, however, the tme history of scenery is best determined by reference to 
the soil and thonnderiyxng hard tocIls, if such can be traced. The natural forms of the 
resulting ma8aM^C^;a]soto be compared with others occiuring under knovm circum- 
stances elsewS^i'f^^e causes that have acted to produce .such effects have been already 
alluded to in speak^ of geology, and a\u11 be readily understood, including, as they do, 
both aqueous and igneous forces constantly at work in %%us ways. 

IMffevent kinds of Scenery .--We may now p^^d. to consider something of 
the different kinds of scenery presented in various ^ world, chiefly with a 

view to show how far form and structure arc associated^ m &r, in some eases, 

there is really no apparent relation whatever. The i represents a- waste of 

loose sand covering with perfect uniformity all irregularitie8v.of surface. Such a con- 
dition has probably been produced by a slow deposit under water, and the subsequent 
slow upheaval of a large tract. The bed of a lake or sea may thurhecomo transformed 
into a desert, and the result may bo regarded as normal, and as the natural consequence 
of tho wearing away of soft rooks by water, the spreading out of acoujnulated sand at 
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the sea bottom, and the subsequent sIott and very gradual lifting up of extensive 
districts. 



THIS DM»KUY,. TIIV AUIXS 01' PALMYRA. 


The contiBst bstweem thi»aiidt8iaQao1iier of scener}’^, in ^vhicb the rock is 
hard, brokoir, iiMtiEimai|ilioeed, and' greatly devated, is often vciy striking in every 
respect. Tha;(HBi;ia»flUtaess, and tota%. withont character or form, possessing a certain 
amount of w i ilTh gti|r 1^ its extent^ iNiifrtotally unpicturesque ; the other may consist 
also of naked and abnq|tt,90ok; butt Hfe points and jagged ends may appear as if they 
had only rcccntl|yhflBmti(MQfc|BMikM&M|^^ into the upper air. • 

Tho flQUO^or rocks, callod^n Switzerland mguiUesty afford 

good illufttratibn of this and are seen to great perfection in the central 

mass of Alps near Mont Blaao.;>lBWl^wpresentcd in tho Cut, page 144, the Aiguille 
(le Dru,” is a singular and highly ilEKstrativo gi-anitic mass. TheidguiUe is apparently 
isolated, and readies to thWiei^i* of. 11,000 feet above tho seoy th^:up|igBjL'pai't forming 
one continuous shaft of moro 4000 feet, gradually tapering, The sides 
are rounded, and tho ivholo seen ih>m a ^stance, ,to bA composed of ver- 

tical plates of granite. It i(| |weicfly inaccessible, and, next to the glaciers, is the most 
remarkable object in tho. vafi^itChamouni. The view repmsents this sliaft, with the 
Aiguille \ eii; behind Bois descending into tlie valley, a continuation 

of tho Mcr do Olooo, at tho bottom. In this remarkable and 

singular instance^ all W to sudden disruption and excessive 

MTathcring are very strongly shown as affecting a hard rock, nnd inay be conti'osted 
with advantago with 0!tihm^'angulai* and broken masses exposed to the action of tho sea 
and air, and brought to^ their present condition in consequence of their extreme 
softness. 

In the diagram next to be referred to (see p. 145), several portions of tho chalk, a soft 
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rock of mecliamcal origin, have been worn and partly destroyed by the action of the sea. 
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exaggeration, and a certain ftmount of knowledge of Tarious kinds to do full justice to 
them. 



TVS 2VSIDLS BOCKI, XSLB OF WIGHT. 


• 

Composition of Rocks. — It has been endeavoured to show, in tho preceding 
pages, that tho landscape painter should know something, not indeed of the details of 
physics or chemistry, hut of the broad generalisations that have been obtained in those 
sciences, and of tho laws that govern tho internal structure and composition of mineral 
substances. So it is also with regard to the composition of rocks. Many of these 
•contain portions, showing animal and vegetable remains in great abundance. The 
artist should appreciate tho modes by which rocks are brought into the state in which 
he has to represent them, although he need not understand palaeontology, or be able to 
speak learnedly concerning fossils. 

A knowledge however, of minerals, their nature, mode of existence, ordinary com- 
binations, and the modifications they may imdergo, has to be Icomt. The important 
ones are simple and few in nunojNur, as in a general sense almost the whole of those 
varied rocks, presented for obsen^tW and fjj^udy over a large part of tho earth, consist of 
mechanical admixtures of sand, limestone, and day, only so far modified as to have their 
structure but not their form altered. Other rocks, such as granites, slates, and those 
cooled from igneous fusion, beaj^ those of volcanic origin, also produce great effects in 
scenery. They form the SBlieiiff||pints ; and around or upon them tho ethefn are heaped. 

Hocks exist in two conditMti^ either bring simply aggregated mosses, mechanically 
formed, or else similar massei^ fiir altered as to have lost more or less com^tdy Ihc 
ap pearance of their mechafiloal (^igin. The result, in a picturesque view, is very 
different. Thus we see reprosented, in the above cut of the Needles, the appearance of 
a moderately soft rock> (chall^, f^j^ently broken. The same mineral, when much harder, 
exhibits very different ^penery ; find, instead of being worn away altogether by tho action 
of the sea, it resists that action, and forms a bold prominent hcadlanff. In the study of 
a rock, however, tho effect can only be understo^ when the cause is appreciated; and 
thus it is not a mere question of whether sandstone, limestone, day, or granite is piresent, 
but in what state these appear, and how far they have undergone motamoxphic action. 

The artist and the critic in art must therefore be educated to a certain extent in the 
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prinid]^ of Geology. He must know liour, wliere, and when locks of a certain nature 
change in appeaiance, and become cracked, rugged, rotten, or broken ; how far a rock is 
crystalline, and owes its peculiaritieato that condition, or naturally compact and hard, 
but 4 ^t ahflnged ftom its originidjslijist Generally, indeed, position marks this, but not 
always ; aaaBd^tba unifoonl^iis^^^^sition of crystalline material, though fieu: from 
myaiM^ iicyBl >« ehasdiM notice. 

it* ar iMItt illifertniwm'dB pint of the subject, I may refer to the great dijffer- 
onoeff that exist between' tfia roug^ crystalline summits of many mountain 

cbaian (s.F..thaik]^ as in the Tiew of the Eandal Steig, page 129), the. dsup and 
decided bat peirfhetly distinct doty (metamorphic) rodcs on the flank%. the more 
regular and tlifed medhanical rodm yet further fhun the central axis, andthe dlayial 
flats of the adjacent Talleys. * 

The crystalline rocks form hard, rough prominences that give-tfae (^Bsactsr to the 
whole-Mhey are the rooka least easily destroyed, the most Taxied and irregular, and 
those most frequently occupying the highest places, because they appear to hayo been 
generally forced np from bdow. • 

Arrangement e# XSaeitt^Kow there isp, in aH doess^-a certain degree of order in 
nature with respect to the arrangement of rocks and their allocation, and also as to the 
way in which those differently inctamoiphosod are associated. All the limestones, sand- 
stones, and clays were originally, no doubt, sijnidc mechanical heaps of mud deposited 
or remoTcd and arranged hy water. These heaps becoming dry, and being acted 



on by various 
forces, being 
first, perhaps, 
sunk down to 
a great depth, s 
and after- 
words thrust 
up by vio- 
lence, aro now 
by no means 
the same in 
appearance as 
formerly; they 
retain, how- 
ever, fre- 
quently their 
foliated or 
stratified cha- 
racter, as 
shown in the 
annexed dia- 
gram ; and 
when ex- 
amined on a 


large iMale, are by no means so greatly contorted as is sometimes imagined by those who 
only study diagrams and a few striking exceptions. Such exceptions are important, and 
usually sufficiently picturesque. 
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Wliilst the stratified mechanical rocks are thus usually regular, and often horizontal 
or inclined at a angle^ and occupy large tracts of flat or undulating land, the 
other series, of which granite is a woll-knowR sample, arc essentialLy protruding 
rocks, haying been forced through the rest, dist^di^ their horizontal sthtifict^ion, 
squeezing into a smaller compass some portions, tl!fi|^e^|nii on end, an^ rc-airanging 
them, as it wore, in a new order. Thus, in a geneti^^l>^fq|M granites or cr3rstallino 
rocks form the central axis, often ooncealod, but froqueatly a^roaching and touching the 
surface, they may bo regarded as connected with the primary cause of movement. The 
semi-crystalline masses adjacent are again in strict relation to the granites, whether 
irregular, as gneiss and various schists, or presenting all the beautiful regularity of blue 
and green roofing slates. Of these, whether flanking others, or existing independently 
at the surface, the peculiar characteristics cannot bo misiSken. 

On the whole, then, tho study of geology, as adapted to the artist, ought to make 
him understand, not only that there is an important difference in tho appearance of 
objects having a different origin, but that the history of subsequent modifications is 
hardly less important than on accoimt of their origin. It is not only tho material, but 
what has been done with it, and how it behaved under certain changes. Position also, 
and tho direction of stratification in stratified rocks, is equally desirable to bo uridor- 
stood ; for much of the true effect of rock scenery depends on these points, and the 
peculiar foatmes of landscape in our own coimtry may bo eveiywhcro traced to tho 
same cause. ' » t 

PosiUon of certain Hocks. — ^Thc similarity of geological conditions over 
extensive porliona of England, and the ready contrasts obtainable at small distances, arc 
matters in tlicmselvcs of considerable interest. Tims, if any one were to travel from 
CSnnwall to Northumberland, ho might, along tho whole distance, find, either on liis 
way or at no great distance, crystalline and mctamorphic rocks of the same age, and in 
something of the same condition. The red sandstones, also, of Devonshire, arc repeated 
in the midland counties and in Cheshire, and rc-appear in Cumberland. The limestones 
of Bristol arc foimd in Derbyshire and Northumberland, and the clays of tho Dorset- 
shire coast differ in no respect from those of Oxfordshire, the Isle of Ely, and Lincobi- 
shirc. 

Wc may even go a stop further, and walk on tho sanib chalk from Bccchy Head to 
Salisbury Plain, and thcncc to Shakspere’s Cliff ; wc may follow it through various 
counties into Cambridgoshirc and Norfolk; wo may find it again on the Yorkshire 
coast, and can then trace it across the ocean into Denmark on the noiili, and Franc^c 
towards tho south. In aU theso cases tho same rock is followed in the direction of its 
length and principAL development. It^may be observed in chalk-pits and other ])laccs, 
where the rock is exposed, that the lines marking tho separation of difterent beds as 
deposited, arc no longer horizontal, as they must have been originally, but show a 
decided inclination in some direction or other. The general direction of this slope, 
where the chalk ranges north-east and south-west along tho surface, will be found to 
be south-east ; but where the direction of tho rock is east and west, tho inclination is 
sometimes north, and sometimes south. This remark extends to thc^harder limestones 
occurring parallel to the chalk at some distance to the west, and also to tho intervening 
clays and sands. 

Koimtalii ChaliM.— Tho order of displacpment, and the general system of 
elevation thus exhibited, lead us to a knowledge of some interesting facts concerning 
the mode in which mountains, hills, and valleys naturally occur. Thus, for example, 
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mountain chains may bo considered to haTO reference inyiiiiMly to systems of elera- 
tion, and this, whether the chains are in the case of the J^ips, Andes, Himalayas ; 

or oompai;atiTely low, as in the Biitiih Majids. In each case there is the peculiar 
chsffhcter of mountain scenery, deiiyed either fSrom structure or elevation. 

Hills.— Hills, on the q|^r hand, are by no means always, though they arc 
occasionally, structural phed^ena; and thus, while mountain chains may be said in 
all cases to tell their own tale distinctly and at once, hills require especial study, and a 
reference to their origin, whether I'caUy owing to greater hardness than the surrounding 
material, or pushed up through that material, or simply elevated with the rest, and 
forming ono of a scries which, together, make up a ridge or rolling, broken ground. < 

Plains.— While the chawcteristic scenery of mountains and hills is generally due 
to what is called fundamental structure, consisting of some crystalline or altered rock 
thrust up from beneath, plains, on the other hand, aro almost always formed by super- 
imposed rocks deposited horizontally from water, and little tilted, though frequently 
elevated. Such plains exist, on a sufficiently large scale, in aU parts of the world ; 
sometimes almost level, but frequently undulating, or presenting broken^ surfaces of 
moderate extent but irregular form. They arc sometimes nearly at the same level as 
the SCO— sometimes, os in South America, in steps or terraces rising gradually towards 
the interior; and occasionally they form vast sweeps of table-land, several hundreds, or 
oven thousands, of foot above the sea. 

Phyaiognoiny of XiRiidacape Scenexy.— It results from this mechanical 
condition and physical origin, that there is a vast difference, perfectly appreciable by 
the traveller, and not less so by the artist, in the different kinds of scenery presented in 
different countries. Plains, strange as it may seem, are as different in the impression they 
produce upon the mind, through the eye, as is the nature of the vegetation which covers 
them, or the climate under which they are seen. Mountains also have a peculiar physiog- 
nomy, dependent likewise on their origin. Those latter arc, as has been already re- 
marked, indications of the skeleton subsequently clothed with aqueous deposits often 
masking the original form, softening the rough frame, and serving as a groundwork 
for the lighter drapery of vegetation. 

The mountain, as the salient point, gives the outline which the artist must first 
seize. The peculiar characttristic of this form, whatever it may be, whether angular 
and serrated, or rounded,— whether deeply intersected and jagged, or smooth and mono- 
tonous,— the artist must carefully study. From this, as a starting point, he must watch 
the gradual changes that, take place in passing to tho valleys, the subordinate hills, 
and tho spreading plains at their base. Tho apnexed Cut (see page 149), showing the 
great plains of Languedoc, with a distant view of tho Pyi’cnees, with some of the 
flanking ridges and the low hills that intervene, is a good Ulustration of this position, 
and one carily appreciated, especially by those who have visited similar scenery. For 
the most part, the plains extending across the south of France, in the valley of tho 
Gironde, are sandy and] extremely level, covered only occasionally, and near the coast, 
with any rich vegetation. Towards tho Mediterranean there is a vast expanse of 
pasturo land, andta good deal that is arable. On these pastures nothing interrupts 
tho view for very many miles, till in the fer distant horizon the gray wall of the Pyre- 
nees rises amongst the mist and cloud, and presents a line so little broken by deep 
gorges, that one may often doubt, with some reason, whether the darker tint is due to 
the rising ground, or to a thicker mass of vapour. 
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scenezy of onr voo^|m^ or fho bold bnt small proportions of KngliiJi 

some idea is obtained^, the actual meaning of tlm jdiysiognomical dharacter of a 



VIEW or THE FLAXN8 OF LAMOVBIIOC, WITS THE DISTAET PTRENBEB. 

This is the more mai'kcd when there is nothing essentially different to attract the 
eye, and remind it of the new object^ although the general features are on a different 
scale. 1 have been much struck with this when standing on one of tho higher points 
on the eastern side of the AUeghanics — first looking on one side across the sea of moun- 
tains there visible, and very imperfectly represented in tijp annexed Cut (see page 150), 
and then on the other to tho vast plains of eastern Virginia, extending at my feet, and 
reaching to the Atlantic, with nothing more than slight and insignificant hiUs. Tho 
eye, it is true, can only take in a part, and often on extremely small part, of tho wide 
extension that tho mind comprehends ; but no one can view and admire any kind of 
scenery without tho exercise of the intellect producing its effect, and guiding the mind 
in the impression obtained* 

In this case the impr^BUon was essentially that of vastness and wide extension, 
even when compared with equally beautiful scenery ; and it is worth alluding to this, 
as helping to explain the cause of that idea of great magnitude which has often been 
spoken of by European trayellers on first visiting tho New World. Sentiments of the 
same kind, &ough less impicssive, are felt on seeing the magnificent views fix>m the 
Jura, across parts of Erdneo and Switzerland, or those of the great plains of Gcnnany, 
from the Hartz mountains. 

To the artist and lover of art, considerations of this kind are very important. If 
he catdi these physiognomical rdations, he may represent the scenery as it exists, and 
as it may be recognised ; but if he neglect this study— if he be ignorant of the piin- 
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0 ipta, ^l>i8 eye fca 

««w*irttot^1iTOi«I«wentationofi»tu»,-l»wffln<^ 

give pemumeiitsatiafiictioii to any one whose taste is cniiiwtAljythe acfaid 
Btn^ ^ aatore herself. It is right, howetver, to add, that #1 artist may obtain tho 
required resalt without exactly knowing the aneeessive stages through which his ideas 
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hare been conveyed to him ; although it can hardly be necessary to say that the know- 
ledge of causes would bp useful in the highest degree, and would often load him to 
compositions of greater freedom and accuracy than ho would otherwise dare to venture 
upon. 

Alteiation of Rocks.—Every country exhibits indications, though in very dif- 
ferent ways, of change produced on the scufrujo after the original deposits had been 
completed. Some of these have been effected by atmospheric action, spinad over 
periods of almost indefinite extent. Elsewhere, e^cially in north temperate ohiinateB, 
the chants have been rapid, frequent, irregular, and very considerable. 

Occasionally, also, they have been scarcely less considerable, but 'are due to very 
different causes-~8ome decidedly aqueous, and others atmoq>heric. 

It has already Been shown, treating on the subject of Bescriptivo Oedogy,' that 
almost all mechanically-formed rocks were deposited beneath the sea. In the act 
of being lifted up above the sea-level, towards their present position, flioy have 
been more or less worn while under the infinenco of the tidal wave ; and it neoessaiily 
happens that the various kind of rocks have been very diffexmitly affected. Thus 
a soft rock, having a certain amount of tenacity, and of pseliy tmifonn texture 
been scooped out into aweepswnd rounded stgfjmes. wdl mmfcrgtefi hy thn 
of Sussex, Suitey, and Dmrsetsldre. A rode sflso soft, hut with less tenadty, su^ 
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the sands aiQd>;Si|i|$l^narls common on many coasts and over wide tracts of conntry, 
presents a distinct ; while hard sandS| or hard compact rocks of other 

kinds, are also'i^fdl^eciiliar in their appearances. The singular scenery, in the Yalleys of 
some of the great American rivers running, through vast plains, forms a ggod illustra- 
tion of this peculiarity of character, and assists yet further to explaip the striking 
difference which exists between America and European scenery, idthough the rocks really 
differ very little in any essential points. So egain,^ in the interior of the country in 
Algeria, I have seen very peculiar scenery in a district where the rocks are of the 
ago of our Gault, as deycloped near Folkstone or in Gambridgeriiize; but the rock, not 
in itself very dissimilar, has been so greatly modified by the circumstances of elevation, as 
to have lost entirely its characteristic appearance, and to present an entirely new type. 

As water never passes over land without producing same effect, cither depositing or 
removing earth, or doing both at the same time, and as there are few parts of the world 
in which water does not occasionally moke its way over the surface, so we must always 
look for such results, and even sear^ for them if they arc not manifest. There arc, 
however, lyany positions where we should naturally look for greater results than else- 
where, and these depend partly on dimate, and pa^y en geographical position. 

In addition to the regular action of water on ordinary material', wc occasionally see 
large accumalations of water-worn rocks, forming hills or irregular low hUlocks. 
These are known in England under the name of gravel; but larger and. more distinct 
heaps are called in Irelaxid afser^ similar heaps form hills .of ocmsiderahle mag- 
nitude in Sweden and Dennuak. EEnder these circumstanoas f&ay flcndutinot Jntures, 
and must he regarded acoarding^. 

Importaiioe of 'fltra then, it is evident that the 

gigantic framework of ro(^ whidi forms the rimleton of the earth, jios a real and 
perceptible influezice -on .its general outline, and even tm the details presented to 
the careful observer of nature. And if, in order to draw correctly the human figure, 
it is desirable to be acquainted with the anatomy of the human j^me, and study the 
hidden cause of those numerous prominences and projections which give character and 
expression when clothed with flesh, it is no less necessary that the landscape-painter 
should study the nature and conditions of rocks, their usual forms, possible modifica- 
tions, and the way in which ihey arc Ukcly to bo covered u$, masked, or modified by 
atmospheric and aqueous action. It has been well said, Sy the author of Modem Pain- 
»ters,” — The laws of the organization of the earth are distinct and fixed as those of 
the animal frame,— simpler and broader, but equally authoritative and inviolablo. Their 
results may be arrived at without knowledge of the interior mechanism ; but, for that 
very reason, ignorance of them is the more disgraceful, and violation of them more 
unpardonable. They ore in landscape the foundation of all other truths— the most 
necessary therefore, eveii if they were not in thcmsolves attractive ; but they ore as 
beautiful as they are essential; and every abandonment of them by the artist must end 
in deformity, as it begins in frdsehood.”* 

OluumctMiBtles of SUmeotoae Sceneiy .—Let us now pass cm to the consider- 
ation of scenery deriving its peculiar features from the presence of particular kinds 
of rock ; and as limestoi^B, sandstones,^ and day, more or less altered, and alternating 
with each other, form the chief varieties of strati^d material, these, throe pubdivisioos, 
with a fburtb on granites, and other distinctly crystalline masses, and a fifth en vol- 
canic rooks, will indnde all that require separate cemideration. 

* Modern Painters,'* vol. i., p. 966. 
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In order' to understand the nature and cause of the peculiar features of limestone 
scenery, it is necessary that the reader diould consider the various ways in whidi cal- 
careous rodr is presented in nature in large masses. This is the more essential, as we 
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sometimes find it hard aim crystalline, perfectly compact, hut full of cracks and crevices ; 
while elsewhere the same mineral is thinly bedded, brittle, and almost laminated. 
Occasionally we find it in bold escarpments, forming the numerous ktmB of Yorkshire* 
(Gordale Scar and Malham Cove being admirable examples), the crags of North Wales 
and Derbydiire, and the bold vertical cliff so common wherever aimiliir limestone, or 
limestones in similar conditions, are developed near the surface. Again we turn to the 
chalk of the South of England, and find limestone equally pure scooped out into hol- 
lows by the action of water, and so soft that, exc^t when preserved by vegetation, it 
is not only worn away into shreds by the action of the waves of the sea, but swept 
smooth by the rains of summer, and rendered rotten by the frosts of winter. 

Limestone rocks often form mountain ranges, and constitute the essential features 
of the scenery, being elevated to the central and most elevated peaks ; but they are 
more usually subordinate, and appear only fianking the igneous roi^. There are two 
ways, however, in which they may still retain the appearance and character of the rnmn 
chain, since they may form escarpments facing each other, but at some distance aput, 
either when the interval is occupied entirely with rocks of much lower elevation, or 
when there is, between the escarpments, a continuous and lofty granitic or o&er 
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orystallino axis. The former is usually the case where the elevation has been mode- 
rate and dow, and the denuding action considerable. The latter is the case in the 
Alps, and ds^whero,;^hen the elevation has been more abrupt and comparatively rapid, 
and is connOt^ with a principal mountain chain. • 

BaardneM«-*It is by no means necessary that calcareous rode should be hard, 
to bring about either of the appearances above referred to ; nor indeed, if now hard, is 
it at all to be assumed that the modifications of form to which it has been subjected 
were produced whilst in this state. Almost the softest condition, not merdy of lime- 
stone but of any rock except blown sand, is that of common chalk, as developed in 
many parts of England ; and the rounded lines, swelling surfaces, hollowed or rather 
scooped out coombs, and step-like terraces, so chan^stcristic of it, are too well known 
to need more than a reference. These, however, are lAt confined to our soft chalk. 
They are equally characteristic of the much harder chalk of the valley of the Seine, 
and have even been observed in the hard limestones of the Caucasus, belonging to the 
same geological period. In this case the subsequent induration of the rock has not 
been acc^panied or preceded by any dcstructivo aacney affecting its picturesque 
appearance, which remains the same as in its original soft condition. 

The colopr of limestone rocks requires study no less than the form, and indeed often 
bears a distinct relation to hardness and condition, as being affected by lichens and other 
dry vegetable mattei's on tfic surface. The actual colour of the ^ck varies from the 
most brilliant white, through all tints of gray to blue, being not unfrcqucntly reddened 
or streaky from the presence of iron, and occasionally passing into broum, dark brown, 
and the deepest black, owing to the carbon or iron herein contained. The peculiaily 
rich and varied tints of marbles and crystaUine limestones are rarely sufficiently seen, 
in the unpolished rock, to infiucnce scenery; but there ai*e many effects in limestone 
districts altogether peculiar, and not unconnected with the positive colour of the rock. 

Hardness, f^quently modifying form and colour, and greatly affecting the condition 
in which limestone occurs, is independent of geological age, and needs the special con- 
sideration of the artist in each district in which the rock in question prevails. Much 
depends on the nature and extent of woatiicring, something on the associated scenery, 
and not a little on the clearness or cloudiness of the atmosphere, in inducing the pic- 
turesque effects which form the artist’s study.* In all ^ese,%e element of hardness is 
extremely important. 

Compo8itloxi.—Limcstoncs include carbonates of magnesia and lime, as well as 
pure carbonates of lime; and in some countries even carbonate of iron enters largely 
into the composition of calcareous rocks over extensive districts. In England, the 
dolomites, as the magnesian varieties arc called, usually put on a yellow tint, and not 
unfrcquently, as on the coast of Durham, exhibit remarkable forms, owing to the 
unequal and imperfect afimixture of the minerals. In Derbyshire and Yorkshire they 
are more crystalline, and partake of tho appcaranco of the semi-crystalline limestones ; 
while in other districts th^ are easily recognised, owing to the irregular decomposition 
to which they are often subjected. 

OailioiiiliDXOiui &liMstoiie.’-The' carboniferous limestones, extremely chorac- 
toristio of an important ^ological period, were formerly denomiflated, and are often 
still called, mountain limestone,” owing to their great development in the elevated dis- 
tricts of the West and Nortl^Ridings of Yorkshire, Durham, and Northumberland, the. 
north of Derbyshire, and large parts of LancasUre. They are^also seen in Soutli 
Wales, near the Severn YaUey, and in some parts of North Wales; and they occupy an 
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important part of the surface of Ireland. The delineation of this rock has been fre- 
quently and successfully attempted ; but it seems difficult to avoid a certain amount of 
mannerism. The chief waterfalls of Yorkshire and Durham (extremely picturesque 
if not sujQSpiently large to be grand), the singular vertical diffr called scarSf and the wild 
precipitous and rugged masses often presented, are good illustrations of mountain lime- 
stone scenery; while Maiham Cove, the cliff of Dinas Bran near Llangollen, the 
Derwent Valley near Matlock, the Ghedder cliffs, and the banks of the Severn near 
Clifton, are equally characteristic and picturesque. 

The High Peak of Derbyshire, and the narrow cleft-like volleys proceeding from it 
towards the south, afford a good example of the usual effects observable in hard 
limestone ro.'iks in this climate. “JThroughout the whole, the same general character 
prevails. A thin mossy verduft, often intermingled with gray barren rock, adorns the 
sides of the hills and the cliffs of the valleys, and occasionally the indestructible lime- 
stone rubble disfigures the steep acclivities, although even then a little brushwood 
occasionally enlivens and diversifies the otherwise sterile scene. The larger valleys 
possess, in an eminent degree, tljat variety of object, form, and colour which essential 
to picturesque beauty, sometimes united with a inaguitude of parts where grandeur and 
sublimity preside in solitary stillness. 

“Travellers accustomed to well wooded and highly cultivated scenes only, have fre- 
quently expressed a feeling bordering on disgust at the bleat and barren appearance of 
the mountains in the Peak of Derbyshire ; but to the man whoso taste is unsophisti- 
t ated by a fondness for artificial adornments, they possess superior interest, and impart 
more pleasing sensations. Remotely seen, they are often bcautifnl. Many of their 
forms, even when near, arc decidedly good; and in distance the features of rudeness, by 
which they arc occasionally marked, are softened down into general and harmonious 
masses. The graceful and long-continued outline which they present, the breadth of 
light and shadow that spreads over their extended surfaces, and the delightful colour- 
ing with which they are sometimes invested, never fail to attract the attention of the 

picturesque traveller Such are the appearances that often occur amongst 

the mountains of Derbyshire. Descending into the dales, especially those through 
which the Derwent, the Dove, and the Wye meander, the eye is enchanted with bril- 
liant streams, well cultivated iqfadowa, luxuriant foliage, steep heathy hills and craggy 
rocks, which administer to the delight of the traveller, and alternately soothe or elevate 
his mind as he moves along. 

“ The broadest and the deepest valleys are in the highest parts of the Peak. The 
picturesque beauty of the vallcya is increased by the frequently precipitous character of 
the hills or rocks which bound them. The faces of these rooks rise up almost perpen- 
dicularly from the sides of the valleys, as may be ohsc^od near Castleton, in the centre 
of the Peak, and near Stoney Middleton, in the valley of the Derwent, where the Castle 
Rock rises to a vast height, and obtains its name from the singular and turret-like form 
which its craggy projections and points assume. Matlock High Tor, and other rocks 
in Matlock Dale, and the rocks which skirt some parts of the valley of the Dove, are of 
this precipitous duuraoter. In the smaller and narrower dales the projections of one 
side have coiTeqx>ndmg recesses on the other.*’ « 

The annexed Cut will give some idea of the nature and even of the beauty of this 
scenery. The valley is inclosed by high rocks; but hero i^pens out as if by some con- 
vulsion. In this dale the high eminences that form the lateral walls are often broken 

Rhodes* npeak Seenery.*’ 
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by projecting rocks assiiming the most fantostio dmpes-HUimeroas sharp pinnades and 
bold blu£b are seen on either side — awhile the shream that flows at the base often dashes 
over a bed of limestone pebbles fallen from above, and mnrmars pleasantly along, 



relieving the gloom of the naked rocks, and 
at the same time tending to undermine them, 
and reproduce the angular and broken appear- 
ance that would otherwise soon be worn smooth. 
At the same time the wild flowers, common to 
hard limestone rocks, and the copses of mountain 
ash and other trees growing in similar positions, 
all combine to form a diarming and beautiful 
landscape, not less worthy of remark in illustration of English scenery, than as affording 
a good instance of the peculiarities of limestone rock. ^ 

Besides these remarkable and highly picturesque limestones of Dorbydiirc, there arc 
others equally picturesque, and of a somewhat different character, in the Mendip Hills, 


in Somersotdliire. The Cheddar clifb afford instances of the boldest features of this 
kind of scenery, and of the most picturesque combinations of wood with rock. Nume- 
rous diasms appear, often nearly vertical and extending throughout whole mountains, 
accompomed by some marked peculiarities derived from local conditions. The beds 
here arc very distinct, jmd they arc easily soon to have been lifted up much more on 
one side than on the other of these vast rents. It has been already observed, that the 
vaUey of the Meuse, near Namur, is another weU marked example of similar conditions 


in rooks of the same age, producing similar results. 

Ireland affords abundant examples of carboniferous limestone, but rarely on so grand 
and picturesque a scale as in England. Here, however, also, there are not wanting 
proofr of iia tendency to the picturesque. Elsewhere in Eun^ there are few instances 
of its development, most of the limestones being of younger date. 

Oolititt ]iliM8toiin.-^From the carboniferous limestone and dolomite, we pass 
on, in order of geological arrangement, to the marlstones of Cheltenham, and the oolitic 
series, as dev^oped first in the neighbourhood of Bafh, and then in its extension east- 
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wards, ziorthwards, and southwards, throughout our island. The same rocks are far more 
extensiyoly shown in the Alps and Jura mountains, in the south of France, in the north 
of Bavaria, and in numerous other parts of Central Europe. These countries include 
a great varidty of scenery in which limestone is the essential element; and much of 
this scenery is bf a character eminently picturesque. 

The oolites, a group of limestone ro<^s running through England, from the coast 
of Dorsetshire to Scarborough in Yorkshire, arc not less remarkable than the carboni- 
ferous limestones for a peculiar class of scenery, and equally Meservo attention. The 
prevailing features arc, however, much softer, Iho hiUs lower, and less abrupt— the 
valleys, if steep, less lofty, and the vegetable covering of a richer and more vivid green, 
and huger growth. The colour of the carboniferous limestone is generally a dark blue, 
passing into a dead black, whilB that of the oolites is usually pole gray, cream-colour, 
or dead grayish white. The liassic portion, indeed, is often blue; but this partakes 
rather of the character of a clay. The morlstonc is of a creamy white. 

The Gotteswolds, so called from the sheep-cotes abundantly dispersed over the 
wolds or hills of part of Gloucestershire, consist of a rango of oolitic hills of^odcrate 
elevation, but traceable for nearly fifty miles, and presenting mueh intci-esting country 
both on the higher ground and in tho inclosed volleys. A considerable variety of 
woodland and park-like scenery, of pleasing character, is mot witli in those districts ; 
but there is little grandeur, and little that, independently of association, cultivation, 
and other accessories, would attract the artist. 

Cxetaceous Umestonea-^Thc chalk downs, also, ranging through the countiy 
front the south coast to the Yorkshire cUfis, parallel to and at some distance from 
mountain limestone scars and tho oolitic wolds, form a third feature in the limestone 
physiognomy of England. Jutting out in needles from the Ido of *Wight and Flam- 
borough Head, presented in fine boldclifis os at Beachy Head, forming picturesque and 
lofty landmarks as at Shakspcrc’s Cliif, or scooped out into large inland hollows as in 
the Devil’s Punch Bowl, on the old Portsmouth road, the chalk is equally remarkable 
for boldness and softness, for colour, form, and vegetable covering. It rarely, indeed, 
exhibits much fine vegetation on tho summits; But the hollows arc often rich, and tho 
general effect contributes largely to give to England that peculiar charm so strongly 
felt and so highly appreciated. • 

There arc, also, some very strong and pleasing oontrasts presented when this rock 
is undermined by tho sea, bored by weather or by the hand of man, or so placed that 
it affords slopes too steep for much vegetation. In all these cases tho bedded nature of 
the rock, its ready disintegration, and its white colour, combine to produce picturesque 
effects; while the mixture of sweeping and abrupt outline always marks the mechanical 
state of the material. 

In addition to the usual white chalk of the south of England, there is a red variety 
of about the same hardness in Yorkdiiro, which somewhat alters the appearance of the 
mass when seen at a distance ; and in other parts of Europe, nearly adjacent, as in 
some of the Daniidi islands, and on tho banks of the Meuse, in Belgium (at Maesbeibht), 
a diffiarent texture and warmer tint also effect some changes. 

Umestonea Contliiental Surope.— The characteristic points of limestone 
scenery, as dependent on geological date, are somewhat different in other parts of 
Europe, but still admit of comparison. The valley of tho Mouse, near, Namur, exhibits, 
in great variety and singular beauty, tho scar or diff-likc nature of our mountain lime- 
stone in rocks of precisely the same age. The dialk of the north of France is identical 
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in appearance, though much harder, than the chalk of the North and South Downs • 
and in some other cases similar comparisons might be safely made. On the other hand* 
the grand and picturesque development of the oolites, as seen in the Alpine chain in the 
Jura mountains, in the deeply-intersected plateaux of southern France, and in those of 
Bavaria, arc altogether different from that of tho corresponding rocks with us. 

Here, indeed, tho moimtain character is put on — ^the limestone is indurated, and 
often crystalline, and thq projecting jagged edges shoot up into tho clouds, rivalling tho 
highest peaks of granite in tho central axis. 

Wo need, however, only travel a little further east to find, in the moimtain range of 
the Caucasus, the very counterpart of the swelling downs of Sussex, Dorsetshire, and 
Wiltshire. Tho rock is hard, but tho appearances arc t^se of soft chalk, and tho pecu- 
liarities of picturesque character arc described as strictly analogous by tho few travellers 
who have had an opportimity of judging. 

Amongst tho picturcsqiio scenery of the softer limestones, the singular isolated 
rocks, well known os tho Needles of tho Isle of Wight, tho coast of Normandy, and the 
coast of Torksliire, have been already alluded to, and have been figured as illustrating 
the wearing action of the waves on such material. Tho Cut given in page 145 may bo 
referred to as serving to give some idea of tho result of such mechanical action under 
circumstances by no mean* remarkably favourable for its rapid progress. * 
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There are nowhere finer instances of the bold and picturesque varieties of limestone 
scenery— the rock being brittle, crystalline, and hard, and its position tilted, broken, 
and fragmenta ry, and placed far above the level of tho plains— than those occurring in 
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the Alpine range, and eq»ecia]ly in the ezionsion eastwards of the main chain of the Alps. 
In crossing the great St. Sernard, the conical pcaic, colled the “ Sugar Loai^*’ is seen 
rising in the most romantic isolation. In the Col do Bonhonimc, and in yaxious parts 
of the YsJikfof Aosta, other remarkable peaks occur; while the Salzburg mountains, 
flanking the central granite axis on the German side, and forming theJTyrol, afford 
numerous magnifleent examples of all the peculiarities of form'"and colour that these 
rocks can assume. In Greece, again, the effects arc equally grand and striking ; but it 
is interesting to find, that as we advance in this direction the mountain limestone, or 
limestone which forms striking mountain masses, is gradually more and more modem 
in the date of its formation. Thus, while in England the so-called mountain limestone 
is of the carboniferous period, in the Alps, the limestones forming mountain uro 
oolitic, and in Greece and thO'CSucasus cretaceous ; while even tertiary limestones, and 
those, too, of no ancient date, arc met with in the Mediterranean, on the north 
coast of ^AfiricOf^ and in the East, frowning precipitously above granites and other 
ciystolline rochs, and occupying the front rank amongst the elements of pictiu*csquc 
scenery. • 
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CAVERNS OF DUDLEY CASTLE. 

Geological Age no Ovido to Vietnwagiio CoadltlOB.— Thus we see that 
geological agCy indeed) in yery limited districts) l»»s no tcfiircnco 






160 


. goual limestone. 


rendered useful by art, have been dxcavaitod in a bard and compact but stratified rook, 
retaining throughout abundant indications of its origin in innumerable corals and many 
shells, to whose labours it may bo said to be entirely duo. Grand and gloomy effiicts of a 
peculiar kjnd are produced in this way, much dependent on the nature of the rock, and 
ofinn confined *k> peculiar districts. ^ ^ 

The contrast between these rocks, so distinctly traceable to a mcchanicol origin, and 
some others of much later date and of the same material, in which all traces of origin 
are lost, is ycry curious and important. The engraving te.-iirhich the reader’s attention 
is now direct^ (see page 159), represents bolder but cqpWy charaeteristic limestone 
scenery of comparatively modem date, exhibited in uSadaW and picturesque mountain 
of Greece. The abrupt forms, and the deep clefts through which springs of water, or 
even sometimes ready-formedfriyers proceed, arc well marked in this and numerous 
other inMimces, and lend in. additional and peculiar charm, and an available variety 
in thosgj||i^tain tracts. A cascade rushes down the deft, dashing its spray over the 
face o^P^«pock, and profiling that *'dew of GastaHe” spoken of by the poet. A 
hollow rocky bs^ on the i&^n of the rOl, at the foot of the cascade, and supplied 
by its own perennial quring, ifal.lR^posed to be the fountain in which the ancient 
Pythia bathed, and whence she drew me inspiration which.iendercd the oracle so widely 
famed. 

&eeent Limestones of Coxal Uands.— Beferenco has already been made 
to the peculiar agency of organic beings in constructing more or loss completely some of 
the limestone rocks. In some parts of the world, where the labours of the existing 
coral animal are brought to light by the upheaval of the island basis on which they 
dwelt, wc find odd and jagged piles of this malmal in a state throwing much light on 
the history of imw compacted rocks, and not without a certain aniount of quaint pic- 
turesqucncss. The annexed diagrammatic view (sec page 161) will serve to illustrate 
this condition. Many of the blocks represented arc ten or twelve, and some twenty 
feet high, and they more resemble the temporary and irregular form of icebergs than the 
pernqi^nt condition of regularly constmeted limestones. The following account of 
this curious appearance is given by Captain Wilkes in the United States’ Exploring 
Expedition :-r- 

‘*As far as our observatiog went, the upper portion of the istiuid is composed 
of limcstoinc or compact coral rocks ; the diff on its eastern side, whw we first landed, 
appearing stratified horizontally in beds of ten to twelve feet thick, of 9>ort of conglo- 
merate, composed of shells, corals, and pieces of compact rock, cemented together by a 
calcareous deposit. The under part of this bed had been much worn by the sea ; the rich 
soil was composed of decayed vegetable matter and decomposed limestone, and the slabs 
that were lying loose on the ^^urfaco had a dinky metallic sound when struck. The 
island has unequivocal marks of having been upli^d at different periods, the diff at 
two different heights appcarin||f to have suffered abrasion by the sea. Stalagmites were 
observed under the diff, and also some stalactitic columns, foiurtcen feet high by six in 
diameter.” • 

The account of this island throws so much light on the composition of the ancient 
limestones, and the baum of their peculiar features, that it is well worthy the attention 
of the carefbl student* of nature. ^Many of the secondary and palseozoic ro^ks consist 
partially of coral banks, and others contain a large admixture of such material. In all 
these cases &e analogy with the igodem '^cks of the kinl here described is easily 
recognised. 
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Chrottoes and Stelaetitea. — ^Mention is made, in tho preceding notices, of a coral 
island of columns formed in the manner of those frequently found in natural caverns, and 
there called stalactites^ or stalagmites^ according as they drop from the foo^ or rise from 
the floor. These sometimes, as in tlic great caverns of Antiparos, and those of Adplsbcrg, 
become subjecta for the artist, and present the most grotesque, strange, beautiful, and 



oven grand oiitlinos. The following account of the Addsberg caverns is sufficiently 
striking to dosorve being quoted. It is from the i)en of an American traveller : — 

“We advanced with case,’' he states, “through the windings of the cavern, which 
at times was so low as to oblige us to stoop, and at times so high that the roof was lost 
in the gloom. But everywhere the mosj^ wonderful vaiioties of stalactites and crystals 
met our admiring view. At one time we saw the guides lighting up some distant gal- 
Iciy, far above our heads, which had all the appearance of verandahs adorned with 
Gothic tracery. At another wo came into what seemed the long-drawn aisles of a 
Gothic cathedral, brilliantly illumirated. The whimsical variety of forms surpasses 
all the powers of description. Here was a butcher’s shop, which seemed to be hung 
with joints of meat ; and there a tlironc, with a magnificdit canopy. There was thio 
appearance of a statue, with a bearded head, so perfect, that you could have thought 
it the work of a ^^ptor.j and further on, toward fho cn^ of onr walk, the figure of a 
warrior, with a hbliuct and coat of mail, and his arms crossed; of the illusion of 'which, 
with all my 1 could not possibly divest my mind. Two stalactites, descending 

close to each arc called, in a German inscription over them, 'with sentimentality 

truly German, ‘ The union of two hearts.’ The resemhloncc is certainly very striking. 
After passing ^ tho heaiis,* w'c came to the ^ ball-room.’ It is customary for the inhabitants 
of Adclsbcrg, and the surrounding country, & come on Whit-Monday to this grotto, 
which is brilliantly illuminated, and the part called tho b^-room is actually employed 
for that purpose by the peasantry. A gallery, vcry-app(>^t^y formed by nature, serves 
the musicians for an orchestra, and wooden chandediers alre suspended from the 'vaulted 
roofl It is impossible for me to dosaribo minutely all the wonderful varieties ; the 

* Fountains’ seeming, as they fall, to li>e frozen into stone ; the * Graves,’ with weeping 
willows waving over them^; tho < Picture, • the * Cannon,’ tho <£lonfcssional,’ the 

* Pulpit,’ the * Sausage-maker’s SJbop,’ and tho ^Prisons.’ I must not omit mentioning 
one part wlfloh, though less grand than many others, is ^ctrcmely curious. The stalac- 
tites have here formed themselvoB like follds of linen, and ore so thin os to be tinnppaxent. 
Some are like shirt-ruffles, having a hem^^ and looking as if they were emhr^deted ; 
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and there is one, called the * Curtain,’ which hangs ozactlj in natural folds like a 
white and pendent sheet. Everywhere you have the dripping as of a continual shower, 
diowing that the mighty wQrk is still going on, though the several stages of its pro* 
gress aso^impcrceplihle. Out attention was so excited, that we had walked tu'o hours 
without feeling the least fatigue, or being sensible of the passage of time. We had 
gone beyond the point where most travellers hod stopped, and had been reworded for it 
by seeing stalactites of undiminished whiteness, and crystals gUttering, as the light 
shone upon them, like imnumbcrcd diamonds.” 

It is true that these stalactites are local and unubual conditions of limestone, but 
they deserve some notice when treating of the picturesque features of the rock. Other 
modem limestones, almost equally grotesque, may be expeeted to exist wherever the 
material has been rapidly sScumulated, and also when it has been quickly or exten- 
sively disturbed. Others, again, belonging to the tertiary period and of very late date, 
occupy- evenly spread andHttlc disturbed districts^ almost as remarkable for monotony 
as the otiMfff |br varied outlino. In the south of Europe especially, there are wide tracts 
of tertiary limtetone, |toenting aU the peculiarities hitherto noted— some Jbeing soft, 
and regularly bedded; others soft,* but with no bedding manifest ; some, on the other 
hand, are compact, hard, and durable, and these also occasionally idiow marks of strati- 
fication, although they aiQa. often without any such indicatitos. 

Crystalline Idmeetiines.— 'It remains now duly to speak of marbles, or crys- 
talline limestones ; but these, as far as they belong to the rocks whose age is known, 
have been already referred to, and if purely mctamorphic, they will come under dis- 
cussion in a future chapter. The latter hardly occur in England at all, os the only 
marble quarries— those of Derbyshire and Devonshire — arc worked in beds of carbon- 
iferous or Devonian limestone. In Greece and Italy, where statuary marble exists, and 
in Ireland, whence small samples have been brought, the conditions in which the rock 
is found arc such as to produce the scenery of mctamorphic and not of stratified 
formations. 

Coloui and Tegetatipn of LImestones.—Tho colours of limestone' have been 
alluded to as varying greatly under different kinds of exposure, and also according to 
the admixture of colouring matter in the rock. It may, however, be considered that 
white and gray, of lighter or^darker tints, passing through very dark gray into black, 
arc most likely to prevail, and arc most natural. * 

Tho vegetation of calcareous rocks is also a subject of considerabK interest, though 
the number of plants actually confined to particular minerals is very small. Orcliids, in 
some districts — scented herbs in another ; short, sweet grass is^^^ird, mountain-ash, 
and many other beautiful trees elsewhere, vary and cnricli (hViltenery, and produce 
tho effects most striking to the eye of th9travcllcr, and most sought for by the artist. 

GoncluslosU'^In thus speaking at some length of the principal geological and 
geographical facts conceming^liroestone scenery, it may be noticed that wo have scarcely 
gone bey<md the simldcst elements of art; considering only the expression of form, whero 
it is of necessity striking, and where tho representation of it is sure to he sought for. 
Incidentally, however, tho study of rocks, with a view to their proper delineation, cannot 
fiiil to lead to an appreciation of those poilits of detail which the artist must especially 
consider, and which in our own eountiy are rarely seen to greater perfection than in 
those districts where caloareops rocks prevail. In these wiU be found an amount 
of ridmess and variety, in reqpeet of ftmn, equal at least to anything met with in 
other rodks; and if col^ is less perfectly exemplified, and vegetation less likely to 
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conceal the prevailing and characteristic outline, this affords only a stronger argument 
in favour of tho usefulness of such studies. That they yield results in the highest 
degree satisfactory, the evidence already adduced, 'will, it is hoped, sufBlciently ^w; 
and the dcctches in the foregoing pages will illustrate the great and important princi- 
ples which it has been our endeavour to explain. * 

But in ddineating rodks of this kind, it is necessary to urge, above everything, the 
importance of not being influenced by any conventional notions of limestone or other 
rocks. The artist should go at once to nature, to study there all possible combinations 
of definite form bdonging to the constitution of tho rock itself, together with all those 
subsidiary and derived forms dependent on its decomposition and disintegration. How- 
ever these may appear to contradict tho prescribed and admitted outline, and however 
various the associated rocks may be, there will invariafty be found a true hannuny 
in all that nature docs, and it is the comprehension and consequent expression of this 
which gives tho highest and best finish to every work of arti./ 

Sand Rocks.— Wo have next to treat of rocks in which the minen^ called ailex 
is a principal component part. Under this general definition must be included all 
varieties of sand, sandstone, flint, and quartz, whcrCver and however it exists ; whether 
hard and compact, or of the loosest texture, and blqwn about by every wind— whether 
picturesque or monofonous-^fertilo or barren. The drstribui^ of the mineral basis is 
so wide, and the actual proportioirit bears to all tho rest of Ibe material of which tho 
earth’s crust is built up, so exceedingly largo, that the danger and difficulty in 
dcseribmg its phenomena will mao rather from the almost universal presence of tho 
.substance in all forms, than from any statement of characteristic features which could 
not be illustrated by a fact. 

Silica sand is widely if not univeraalfy diilbsed over the earth, and appears to have 
b'jcn so from a very early period of the earth’s history. It is eonsolidated into a 
rock by many different cementing media, worn into shapes of almost every kind by the 
SvM and air, hai'dencd to every imaginable degree, and is alternately grotesque and grand, 
bold and tame, picturesque and desolate. It presents all shapes and all colours. It is 
naked, and clothed with the richest vegetation^ pure, and mixed with every possible 
inipiu'ity ; it takes at one time some eminently characteristic form, lyhilc At another 
it is mariced by an admixture of limestone or clay to such an extent ns to rimulate 
their phyrioginomy,, * Occasionally it is rendered crysfalline, and imitates closely the 
granites and porphyries in some of their most striking features. 

Still tho sand rocks arc not without their own form and character, and they present 
in England and clso]ri^i;e many iutcresting and highly picturesque features. The loose 
sands of tho sea shq^f^nd occasionally the best assistance to form a middle distance, 
and produce great efi^Ssts in marine subjects, d|>ut their very monotony and uniformity 
require tho most careful study in dsawing. The view of Lancaster sands, in tho wood- 
cut immediately before us (page 164), will remind the artist both of the difficulties and 
opportunities of such scenery ; for in this case there is a wide estuary, which at low water 
forms an expanse of sand, only interrupted by the obiMtnfil of the Lune. Beyond tho 
flat sand, however, we here see a. noble bad^ground of mountain scenery. 

But. sands associated 'with diffs, and with all tho varied effes^ts of a sea coast, 
afford hut imperfect ideas of the nature of sand soenery and its capd>ilities. The 
deserts of Africa and Ajrabia are much more marked, and are grand in their endless 
end hc^desB monotony. In page 143 an engraving is given whidh may remind 
some persons of the essential peculiAiitief of such scenery ; but it requires the genius 
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of a Tomer to draw from sucli elements the materials of a great picture, and from 
the mere delineation of nature in her sternest ond least smiling mood, to produce 
A Tiyid jet trathful image, bright with the wannest tints, and completelj triumphant 
over the ^ast difficulties presented bj the want of intermediate objects to mark the 
distance of the horizon, and show where the heated air meets the parched earth, and 
produces the difference in grajness that separates the moving sand below ffom the sand- 
cloud above. Many artists indeed have loved to attempt this difficult task, but it is too 
evident that few have succeeded. 

In cases of this kind the sand is rarely coloured highly. There has been too much 
friction of the grains one on another, by the action of wind and waves, to allow of the 
superficial coating of metallic oxides ^ing retained, and a' slight tint of red barely 
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counteracts the natural grayn^ss. Coloured sands, sometimes very brilliant, arc not 
wanting in limited districts, but vast expanses of sand are usually tawny and uniform. 
Blown sand^ occasionally forming low sweeping hills by the sea side, are peculiar and 
sometimes interesting objects for the artist, but have little positive colour. 

Soft sands occur also in cliffs, and may then exhibit every variety of tint. The well- 
known example of Alum Bay, in the Is^of Wight, is too well known to require more 
than a reference, and similar phenomenT^ on a difierent scale are not rare. It may, 
however, be suggested whether such appearances afe desirable as studies; for olthough 
certainly natural, they almost always exhibit an artificial aspect, and are generally 
deficient in breadth and froedom. 

Moderately hard sandstones, containing a larger or smaller admixture of daycy or 
calcareous matter, ore both more common and more varied than those yet mentioned. 
They are of all geological periods, 1^ each possesses some peculiarity. Thus the 
greensands (so called by geologists, owing to the occasional presence of green particles 
of silicate of iron) are well devdoped.in various parts of the south of ’Rnglmid and the 
Yorkriiixe coast, and affbrd scenery of remarkable picturesqueness. The Uhdercliff at 
the back of the Isle of Wight (some of the Ixdder and grander features of which, entirdy 
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derived horn, the nature and position of the rock^ are well known) has been 
quently sketched. Black-gang Chine affords another example of stratified sand-rock 
of moderate and variable hardness. The clii& at Hastings, those at Hythe, and others in 
the same district between that town and Folkstone— tho fine and picfturesque J^eith Hill, 
the grotesque rocks at Tonbridge, and many other well known spots, have long once and 
frequently exercised the ingenuity of artists, and have served as the school whence some 
of our best landscape painters have obtained their experience and knowledge. Nor can 
there be better examples of varied colour, tone, texture, weathering, and vegetation to be 
found in rooks of the same degrees of hardness and composition. For many points they 
afford all that is wanted, and tlm artist studying them carefully may think he con become 
familiar with sand rode. ' To a' certain extent only, however, is this true. There is a 
peculiar diaracter by which rocks of the same age in the same country can often be iden- 
tified, and in Nature there is always a harmony observable which depends on certain asso- 
ciations qnd peculiarities of mineral and geological condition, and is the same in kind 
over considerable distances of country similarly circumstanced. Whoa, however, wo 
compare greensand sccneiy with wcolden— the Undent with Hastings cli£& and the 
Tunbridge rocks 
— a marked dif- 
ference may bo 
noted in colour, 
form, and vege- 
tation, and each 
style of Iccnery 
is a study. 

The sketch of 
Nottingham Cas- 
tle before us, in- 
ti'oduccs us to' a 
district where, 
there exists an- 
other kinil of 
sandstone scenery 
— where the rock 
is soft, and in 
many respret^not 
unlike that at 
Hustings; but yet 
where the result 
is very different 
in reality, owing 

to peculiarities of colour not seen in the engraving, but generally producing a distinctly 
red tint ; whereas the others are greenish or gray. The effect of the colour is aided by the 
existence of marls not very common ii^ the wcolden rocks and greensands, and decom- 
posing into a soil very favourable for vegotatii^; so that the districts in vr hich the new 
red sandstone prevails ore remarkable for the ritd&ess of their posture land, os well as the 
beauty of tho trees that grow thero. The very fact of the pres^cc of such diffsrent 
material os a component part of tho rock, involves another result exemplified in the 
production of caverns, which takes place wherever water obtains access, and can un- 
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dennine any portion without IMn^g down tho whole. Thus in the nei^bourhood of 
Nottangham, and under tho castle, such caTems exist, and are highly picturesque ; the 
natural erosion of water haying cleared away largo q^n spaces, and left the harder 
parts supporting the roof as pillars. To sco such phenomena in perfection, the 
artist must •yisit a singular district near Dresden, called the Saxon Switzerland, 
where they can he studied to great adyantage. About eight miles aboyo Dresden, on 
the Elbe, the yallcy closes in, the hills become more lofty and bare, and one of those 
natural bairicrs commences, which in many ports of the world mark some great geo- 
logical fact in a manner equally grand and picturesque. For a considerable distance 
tho riycr makes its way through narrow gorges deeply cut through a coarse grained 
sandstone, the inclosing rock rising in smooth ycrtical walls on each side. At frequent 
intervals there arc similar lilwcral intersections, so that the whole mass is. divided into 

isolated rocks, rising abruptly from 
a low level, and usual^ termi- 
nating in some grotesque or pic- 
turesque form, “Sope have a 
huge rounded mass reclining on 
their summit, which appears 
scarcely broad enough to poise it ; 
othcrl have a moro regular mass 
laid upon them, like the astragal 
of a Doric pillar ; others assume 
tho form of invertedd^yramidtf, 
increasing in breadth os tlicy shoot 
higher into the air. Occasionally 
they present a still more singular 
appearance ; for, after tapering in 
a conical form a certain clc- 
yatian, they begin to dilate again 
as (hoy rise higher, and thus as- 
sume the shape of an inveried 
truncated cone, resembling ex- 
actly, but on au infinitely greater 
scale, what often occurs in caverns, where the descending stalactite rests on an 
ascending stalagmite. • 

**The abyss,* which lies deep sunk behind the summit called the Bastci, though not 
so regular as some others, is the most wonderful of all, in the hcsiid boldness and 
fantastic forms of its rocks. The Ottawaldor Gi-und is so narrow, and its walls arc so 
lofty, that many parts of it can never have fdt sunshine. I trodc through the greater 
part of it on snow and ice, when all above was warui and cheery, and butterflies were 
spOTting over its frozen bosom. Some small cascades were literally hanging ‘ frozen in 
their fall.' In one place tho walls are not more than four feet asimdcr. *Some liugc 
blocks, in their course from the summit, have been jammed in between them, and foini 
•a natural roof, beneath which you must creep dong, above tho brook or planks, if tlio 
brook bo small, or. wading in water, if it be swollen ; for the rivulet occupies tho whole 
^ace between the walls in this narrow passage, which goes under tho TinmA of ‘ Hell.' 
When in one of these lanes you find an alley striking off on one side, and having 
• From “Snssol’s Germany,” p. iss. 
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squeezed your body thiougb it, another aimiltt lane, whidi you soon find , crossed by 
another of the same sort, you might belicye yourself tratersing the rudo model of some 
gigantic city, or viaitmg the ruined abode of the true terra JUii, Again, when from some 
deyated point you oyerlook the whole mass, and see theso stiff bare rocks rising from 
the earth, manifesting, though now disjoined, that they onco formed *oAe body, 
you might think yourself gazing on the skeleton of a perishing world, all the 
softer parts of which haye mouldered away, and left only the naked indestructible 
framework. 

^ The Bastey, or Bastion, is the name giyen to one of the largest masses which rise 
close by the riyer on the right bank. One narrow block, on the yery summit, projects 
into the air. Perched on this — not on, but beyond the brink of Ihe precipice — you 
command a prospect which, in its kind, is imiquo in^urope. You hoyer, on the 
pinnacle, at an elevation of more than eight hundred feet above the Elbe, which sweeps 
round the bottom of the precipice. Behind, and up along the river on the same bank, 
rise similar precipitous cliifr, cut and intersected like those already described. From 
the farther bank, the plain gradually elevates itself into an irregular amphitheatre, 
terminates by a lofty but rounded range of mountains. The striking feature is, that 
in the bosom of this amphitheatre, a plain of the most varied beauty, huge columnar 
hiUs start up at once from the ground, at great distances from each other, overlooking 
in lonely and solemn grandtur each its own portion of the domain. They are monu- 
ments which the Elbe has left standing to commemorate his triumph over their less 
hardy kindred. The most remarkable among them are Lilienetein and Kontgaiein^ 
which todHsr, nearly in the centre of the picture, to a height of above twelve hundred 
feet above the levd of the Elbe. They rise perpendicularly from a sloping base formed 
of debris^ and now covered with natural wood. The access to the summit is so difficult 
that an Elector of Saxony and King of Poland thought the exploit which ho performed, 
in scrambling to the top ofiithe Lilienatciny deserving of being commemorated by an 
inscription, ^o access to the Konigatein is artificial, for it has long been a fortress, 
and, froqi the strength of its situation, is still a virgin one. Besides these, the giants 
of the territory, the plain is studded with many other cohunnar eminenceo of the same 
general character, though on aamall scale.” 

Very fine sccnciy, entirely due to the peculiarities of>»aand rock which is extremely 
soft and readily acted bn by all influences, is seen in the tertiary rooks of the south of 
Spain, bctwcQp the Sierra Nevada and the^oast. Here, owing to the remarkable dry- 
ness of the atmosphere and occasional yerg heavy rains which rapidly run off in 
torrents, tlio soft sands oro usually left with walls absolutely vertical on one or both 
sides, and the openings, cither into the rich transverse valley of the Alpujarr^, or 
towards tho yet richer and almost tropical vegetation towards the coasl^ afford the 
most striking contrasts with the polo gray moss of barren rock immediately before one. 
Bock of somewhat the same kind, hut much harder, is seen at Shonklin cliinc in tho 
Itie of Wight, — an interesting locality, well known to the English artist, and frequently 
sketched. % 

There is no limit to the number of familiar examples of soft sand-rock, varied almost 
always with occasional harder portions that have resisted somewhat longer the aqueow 
and atmospheric iniluehces acting upon tliem. Tho heaths of our STim country, and the 
pathless deserts of Africa, the grand but singular rocks of tho Saxon Switzerland, 
whence may be seen tho great expanse of ihe plains of Northern Europe, and the flank- 
ing hillfl of Sierra Nevada, within sight of palms and pla nt ai ns , do but afford 
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▼arises of very similar mineral conditions modified by dimate and by geological 
causes connected with deyation. 

The induration of sand is a gradual process brought about sometimes by mere coho* 
sion, Bom^^es by the infiltration of water containing iron, carbonate of lune, silica, or 
other siibtai\pes in solution, and sometimes by a process of metamorphosis tending to pro- 
duce a crystallino mass not unfrequcntly showing this tendency. Almost all true sand- 
rock, not yet changed into massive quartzite, presents some of tho characteristics of a 
conglomerate, tho grains of sand being of different degrees of fineness, often passing into 
small pebbles, and sometimes consisting of stones rounded or angular, of various dimen- 
sions from that of a pin's head to blocks of some hundreds of cubic feet. In the grits 
of. all ages these differences occur, and in none more than those of tlie coal measures. 
Here, indeed, are found occadonally all the varieties and peculiarities of structure in 
this rock, and not unfrcqucntly in a highly picturesque manner. The annexed represen- 
tion of the millstone grit is one of numberless examples.* It shows stratification and 
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structure ii^tho boldest manner, and admits of being referred to as a fair example of a 
very Cidinory condition of the material. 

Fine * examples of tho millstone grit occur in the neighbourhood of ShefiSeld^'ih 
WhamdifiSs Park, and in other adjacent spots, where a certain amount of wcather- 
^ing has communicated that mixed character to the rock and that degree of decomposi- 
tion which are fiivourable t^the growth of vegetation, which accordingly spreads itself 
about, and gives life to the landscape. 

With the exception of the deep rod and greenish sands of tho lower cretaceous scries, 
and the paler tinte^but still red rock, variegated with coloured marls, of tho new red 
sandstone series, the prevailing colour of sandstones is gray, and this is almost always 
the tint retained on weathering. Laminated very frequently, especially when hard, 
uniform in appearance thougli really varied in texture, and usually very bare of vege- 
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tation when in any degree pure and free from marls, the sands am widdy spread and 
well marked formations. They are found of all dates— tertiary, secondary, paheozoic 
and mctamorphic or crystalline ; they are sometimes thieddy bedded, and often occupy 
a largo supeiftcial range, but are occasionally in thin plates or bands almost, yertical. 
Often much faulted, and subjected to the accident of fracture when a tough*cohorcnt 
moss was lifted far from its original position os a deposited sand, the different parts of 
a largo scries are also occasionally brought into comparison and coi^trast, and afford 
every opportunity for showing the varied action of climate and water. 

Wherever this latter is the case, there exist all the elements of the picturesque in 
an artistic sense ; but no valuable result will be obtained by the artist without preserv- 
ing truth of detail ; and this can only be secured by a knowledge of the causes and a 
study of the effect. • 

Sand-rock passes into quartzite, — the hardest and most crystalline form the massive 
rock can assume. This occurs sometimes only in veins and fragmentary masses^ but 
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occasionally on a much larger scale. Extensive masses of quartz rock are often extremely 
picturesque as objects in a distant landscape, but ore usually too bare of all kinds of 
vegetation to be sufficient in themselves to complete a picturesque landscape. The stem 
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and gloomy grandeur of projecting masses of naked rook of this kind may be somewbat 
under8tood«by the annexed sketdi of the Stiper stones, — a remarkable instance well 
known to all who have crossed Shropshire. The woodcut, in preceding page, represents 
a tIcw &oiii the south end of tho rocky ledge, whence a fine. contrast is obtained 
between the rugged masses of quartz on the north side of a deep gorge through which 
the river Oniiy makes its way, and the rich woody lands of Linley watered by the same 
stream after it has passed tho defile. These rocks arc made up of a number of broken 
and serrated ledges jutting out to form the summits of the hilla at heights varying from 
1500 to 1600 feet aTOvc tho sea. They exhibit stratification and joints, and arc much 
faulted ; the larger of the rugged isolated projecting fragments being from fifty to sixty 
fe^ high, nnd 1^0 or 130 feet in width. The slopes of the elevated moorlands through 
which they protrude, are coym-cd with coarse detritus of the same rock, and many loose 
blocks have rolled down tho ridge, chiefiy on the eastern side.* 

Tho old red sandstone exhibits a great variety of the best and most picturesque kinds 
of sandstone scenery. It is characteristically shown in pails of Herefordshire and 
South AValcs; but its grandest development is on the shores of Scotland, where it W'raps 
round quartz rodk, gneiss and granite, and efiectually resists tho action of the waves on 
these exposed shores. 

Tho rock is usually a conglomerate or coarse hard gravel, often of a dark ind coloiu*. 
Occasionally it forms detached pinnacles or needles, projectiflg beyond a coast line, as in 
some of the w’cstcm islands of Scotland, or isolated from denudation although far inland. 
1 have often,” says lIugh^MiUcr, the historian of the old red sandstone of Scotland, 
stood fronting tho three Hoss-shirc hills at sunset in the fine summer evenings, 
when the clear light ^urew tho shadow's of their gigantic cone-like forms far over the 
lower tract, .and lig^d up the lines of their horizontal strata, tiU they showed like 
courses of nmsonry in a pyramid. They seem at such times as if coloured by tho 
geologist, to distingiiidi them fcom the surrounding tract, and from the base on which 
they rest as on a common pedestal. Tho prevailing gneiss of the district zofleets a cold 
bluidi hue, here and there speckled with w'hitc, 'where the weathered andlichcned crags 
of interminc^d quartz rock jut out on the hill-sides &om among the heath. The thr^ 
huge pyramids, on the contrary, jGrom the deep red of the stone, seem flaming in purple. 
There spreads all around a wild and desolate landscape of broken and shattered hills, 
separated by deep and gloomy ftyines, that seem the rents and fiussurcs of a planet in 
mins, and that speak distinctly of a period of convulsion, when upheaving fires from 
the abyss, and ocean-currents above. Lad contended in sublime antagonism, the one 
slowly devating the entire tract, the other grinding it down and sweeping it away.” f 
The character of the old red sandstone, and the way in which it is broken and worn 
away to form picturesque clififo, is also w^ illustrated in some parts of the Irish coast. 
The Old Head of Sinsale, near Bandon in the south, is a fine example of this. A bold 
headland is hero nearly separated from the mainland by the action of tlic waves, v^ch 
have already worn away deep cavities 'bcncatli, and threaten soon to complete tho 
destruction^ey have commejaced.^ rThc dark frowning and gloomy masses of rock arc 
piled one over another in an order not irregular, and tlio hugh step-like terraces, by 
which one may descend nearly to* tho water’s edge, arc admirable instances of stratifica- 
tion. 

The vegetation on sand-rocks varies with the different circumstances of dccomposi- 

* See Murchison’s '’Silurian System,” pp. 26S and 283, 
i Miller’s ” Old Bed Sandstone,” 1841, p. 24. 
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tion asid eiqpoBure, and fhe admixture there may be of foreign subBtonccs. Thus while 
the pure quartzite rises white, naked, and jagged aboye the ground, only coyercd with 
a few dry lichens, and unaffected by weather or atmospheric change, the more impure, 
though still hard and semicrystoUine sandstones, in which iron and a Httlo.marl yet 
remain, are often partially coated with moss, fems, and many other plants. Quartz 
veins, wherever occurring, are usually too pure and crystallino to admit of vegetation 
growing on them. They are thus often marked at the surface, and distinguished from 
the inclosing rock, while decomposing granites or porphyritic ro(^, filling up fissures 
in quartz rocks, are not unftequcntly marked by increased fertility. In the less 
compact but still hard sandstones and grits of various geological p^ods, where the 
presence of earthy or metallic impurities has altered the texture and colour of the rock, 
many trees readily plant themselves in the crevices ; anf it is only when wo reach the 
other end of the scale, where are the loose movcablo sands of wMta grains and con- 
siderable fineness, that we meet with that perfect aridity and barrenness which, howeycr> 
must be regarded as jcharacteristic of sand in its unmixed state. 

Watotfolls often abound in sandstone districts; and no other rocks, perhaps, exhibit 
more of the peculiar features that belong to that kind of scendry. But it is usually 
where a certain admixture of material exists, as well as a different condition of the 
same material, that the grander phenomena of cascades usually occur. In England, 
the small but picturesque Slls at Shanklin and Blackgang in the Isle of Wight afford 
good illustrations of this point ; and others might easily be mentioned. Mixtures oi 
wooded and water scenery, noble forests, soft rounded hills covered with vegetation ; 
rich valleys, with the moat luxuriant herbage ; all of those arc no less characteristic oi 
some kinds of sand rock, than frowning jagged peaks, naked clifi^, or barren deserts arc 
of other kinds. In one word, however, the difference may bo explained ; for wherever 
there is in the sand rock a sufficient admixture of clayey matter to make a soil, and 
wherever the rain occasionally falls to refresh the earth, there will be the refreshing 
green of vegetation ; and where, on the other hand, the zock is crystalline or pui-e, oi 
the rain docs not fall, there will be a desert and a waste. The sands of Leith llill, and 
other places in Surrey, the harder sandstones near Tunbridge, and the miUstone grit oi 
Derbyshire, are all examples of the former condition. The Stiper stones (sec page 160 ), 
the dunes of the coast of Flanders, and the Sahara of Africa arc instances of tho latter. 

In this account of the peculiarities of limestone aucl sandstone, tho i*cadcr cannot 
have failed to perceive that, notwithstanding tho frequent combinations that exist in 
nature, there is a well-marked physiognomy belonging to each, by which it may be 
recognised in a landscape.. The mode of formation is not very difiEerent; but the 
weathering or decomposing on exposure, the effect of drying and imiuration, the degree 
of advance towards crystidlisation, and the general grouping of vegetation on each, arc 
thin(B that may bo recognised and delineated. It is certainly necessary to tho truth oi 
zepresentatioii, that they should, in all their details, be to the landscape artist ; 

but this can only properly bo done when he knows their origin and histoiy. 

Clay lEtooks.—The physiognomy of clay rook la its various degrees of indnratiou 
and weathering, involves perhaps quite as many and os well marked peculiarities 
cither of tliose already described. Like them it is sometimes hard, and almost crystal- 
line; but, unlike them, it is apt to form into a sort of pasty condition with water (which 
acts upon tho softer varieties with singular rapidity) ; thus producing results altogether 
diffbrent from those whero the material acted on is either thrown down by undonnining, 
or worn merely by attrition. 
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Qay is too well known to need dfiflorip^on. In its simple Ibrm, as mere argillooeoiis 
cartihi it fbnns not merdy the bottoms of yalleys, but low di&, often ycrtical but con- 
stantly changing. It is mostly associated with tame and wooded scenery, and often 
forms ihp ftregroiind in cultivated tracts. Most of the decomposed material of various 
kinds, from various rocks, ultimately becomes so far mixed up with ugillaceous earth as 
to assume the distinctive characters of day, and be regarded as belonging to this dass 
of rock. It may readily be imagined, that in this state, easily and rapidly acted on by 
atmo^hcric dumges of all kinds — sometimes washed away by rain— sometimes blown 
about by winds — at one season formed into a tenacious paste, at another hard and 
fissured by broad open crevices, the material in question will have to be regarded more 
os dependent on associations than as having of itself a distinct aspect. 

The effect, however, of tlft earthy foreground of vegetable soil, and of day rocks 
in this condition, is eminently favourable in most cases to the growth of plants, and is 
therefore one of the most important adjuncts to the beautiful in all landscapes. Lime- 
stone or sandstone alone, or associated, but without much clay, is comparatively 
barren, and wants the essential fertilizing principle. Clay, or argillaceous e^rth, gives 
this. It receives and retains water — ^it gives that mechanical support needed by the 
roots of plants. It contains, receives, and distributes better than anything else, the 
various chemical substances that arc necessary or useful to plants, and whose presence 
or absence in many cases dctcimincs the existence of specibs ; and finally, it combines 
and renders more useful various simple minerals, although itself an irregular compound 
of valuable miscellaneous substances. 

It will be understood at once by tlio artist, and by every one who has a feding for 
landscape, how important a study must that be which considers the principles of fore- 
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ground, and the relations of earth and day with hard rock. Thus one condition of 
day is recognised, and this may be regarded as the simple and normal condition, little 
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altered from that in which it was oiiginallj deposited from suspension in water. When, 
however, same suhstance has been long exposed to those influences which arc con- 
stantly in action on the earth, a change supervenes, and the clay becomes more com- 
pact, harder, less affected by moisture, and assumes a tendency to split* in certain 
directions much more readily than in others. In other words, it bccomc*s crystalline, 
and tends to pass either into slate or daystonc porphyry, according to circumstances of 
association with other minerals. Slate is the second condition of day, and is altoge- 
ther distinct from the flrst. 

Even in its softest and most easily worn state, day admits of the picturesque merely 
as a rock. Instances of this in England are rare, and of very temporary duration ; but 
in tho dry warm climates of the south of Europe and i^rth of Africa, especially the 
litter, there are examples well worthy the attention of the artist. Tho nearest approach 
to them is scon in some parts of tho Yorkshire coast, where, however, the hiUa arc low, 
and the phenomena confined to the coast. Within the range of the Little Atlas, and 
about sixty miles in the interior from Algiers, is a scene of this kind singularly striking^ 
There is bSre a wide extent of broken ground between and amongst the elevated ridges 
of tho mountain chain, and of this a large portion is occupied by tertiary marls and 
clays. These arc loose in texture, and have been but little cultivated. In places there 
arc large tracts where no ciiltivation appears to have been attempted, and whoi-c the 
ground is cut up into a number of pyramidal hills, each formed of a multitude of small 
similar hillocks. The channel that has 


been taken by each little strean^ of 
water during the rains of one season 
remains till tho next, and the whole 
scene is a curious mixture of the 
picturesque and the desolate not easily 
described. Something of the same 
kind, connected with much grander but 
not much more lofty mountains, is seen 
in the south of Spain, at the back of the 
great Sierra Nevada, where soft days 
form a sort of flanking range facing 
the Sierra de Gador. 

In plains, the peculiarities of clay 
are so varied, and so frequently repre- 
sented, that it is hardly necessary to 
give an example near homo. Tho an- 
nexed Gut (page 172 ), representing the 
plains of Thebes, is interesting as an 
example of muddy detritus brought 
down and accumulated within tho last 
few hundred years, within which time 
the plain has actually increased in 
breadth by one half, while no less than 
sovon foot of mud have been deposited. 
The element of the picturesque is not 
here connected with the mineral or its 
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condition. In another illustration is represented a view of the abbey and diff at 
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Whitby, whcro Iho bluff appearance is not due to the strength but the weakness of the 
material, and to the fact that the sea wears away the soft rock, and removes it at 
about tho same rate. In this, and many similar cases, the effect of weathering is at 
111*81 sight almost tho same, on soft unresisting clays as it is on hard sandstones and 
granite; but a little consideration will show that this is only the case apparently, and 
that really the changes must be of very different nature and extent. 

However this may be, the clays found in England, such as the London clay, the 
ganlt (seen near Folkestone), tho Oxford and Eimmeridge clays (forming the fen districts 
of Huntingdondiire, Cambridgeshire, and Idncolnshirc), tho Lias (well shown at Lyme 
Itcgis, Dorsetshire, and Whitby, in sea cliffs and in various places in inland sections), 
and the soft riialcs of the coa^ncasurcs, will all, or any of them, serve as illustrations 
of the rock. 

Slate is a mineral identical with clay in its composition, but so different in appear- 
ance as to require special consideration. Its hardnoss and remarkable capacity of being 
split in parallel layers of any degree of thinness arc among the first qualities to be 
noted. It is not bapahle of mixture with water, as clay is, and thus wcaAhers in a 
manner altogether peculiar, changing indeed very little by ordinary exposure. Whilo 
also, clays usually occupy valleys and low hills, ifiatc forms great mountain masses, and 
is met with amongst mctamorphic limestones and sandstones, granite, poiphyry, and 
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quartz rode. It eihibita variotiea of colour as wdl as form, and is lemarkaUe Ibr a 
peculiar blue tint^ admizably shown both in Wales and Oomberland where 
abound. 

Slates, like days, are of aU geolqgical dates. In indeed, and the Britidi 
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Islands, tiiey aro only met with amongst the older rocks, rising as mountams in some of 
tho finest scenery of which our country can boast. Thus the round-backed Skiddaw 
(see annexed Gut), owes its form to tho nature of its composition and the texture of the 
rock. In the Alps, however, and in other mountain chains, tho case is dSBE(jrent, and 
tho slates ore far more modem. * 

The steep cliffs of the Bhine, in some of thc.narrowest and most picturesque locali- 
ties, afford remarkable illustrations of tho nature of schists, which, after all, are but 
modifications of slate rock. The accompanying view of the Lurlci, a well-known spot 
to most travellers, may be useful in recalling a few characters of scenery not without 
great interest in itself, besides having real value as showing the result of that tendenev 
to split which belong to tho hard rocks of this kind. ^ 

It would not bo difficult to refer to other and very different scenes, wci*o it necessary 
to show how varied is the detail, and at the same time how fixed the general character 
of the scenery that depends on tho action of kno\vn laws of the composition and 
structure of rocks. 

Few materials exhibit more interesting vameties of colour than those of which clay 
is the ba-sis. "NVe may say, as a broad generalization (subject to very numerous excep- 



tions), that if white and gray 
are characteristic of lime- 
stones, red in the same way 
is a common tint of sand- 
stones, and blue of clays. 
But clays take other 001001*8, 
and aro especially liable to 
bo marked by vegetation. 
Tlicy are also certain to show 
a considerable variety of 
light and shade from tlie 
broken surface exposed in 
cliffs. 

While, however, clay cliffs 
arc thus broken, and even 
jagged and tough, being 
usually freshly broken, the 
lower hillocks that have 
fallen down will, if not car- 
ried away by the sea, present 
a smooth aspect, and be 
covered with grass. Flank- 
ing hill a, too, where this 
material is present, arc neces- 
sarily smooth, and often 
tame. They nowhere riso 
out of the surface, but repose^ 
often heavily enough as a 
dead weight upon it. As 


features, therefore, day hiUs are subordinate and tame. 

When thin scams of clay alternate with sandstone and limestone, and are exposed 
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to Uie action of the ireathcr, the clay is the rock most readily removed by such aotion ; 
but the removal of the clay necessarily produces the falling of the other bodies ; so that, 
although in such case hard rock forms the largest part of a series, the presence of clay, 
which allows tho water to remove the support of the overlying mass, produces the 
destruction of these same superincumbent masses. Thus are produced many waterfalls, 
and thus also such waterfalls assume their peculiar and picturesque features. This is 
the case with some of those in the north of England, but is most rcmarkaldy exem- 
plified in the great falls of tho Niagara, which are due to the undermining of pOIStions 
of clay strata, which are removed more rapidly than the rock above. One'^'o^ the 
peculiar characters of slate scenery arises from the sharp angular fracture which is to 
bo observed in it, and the sm^lncss of the separate portions. This is the contrary of 
what is noticed in unaltered clays, where there is breadth of tone and uniformity of 
character always to bo obscn'’cd. In slate, on the contraiy, there is a minuteness in 
the separate portions which cannot be mistsi^n. In tho case both of sea and 
quarries, wherever slate has been considerably worked, or much exposed, and where 
it is consequently worn by the action ofithelfca, there is often found a pecaliar dcptli 
of colour ; and genci-ally in these cases a purple tint is tlic one that prevails, which 
is accompanied by a peculiar softness almost resembling the bloom scon on fniil. 
This is peculiar to slate and clay rocks, and is derived frpm tho inherent softness of 
the material itself, although in the mass it may have become hardened. This most 
essential peculiarity ought nc^er to bo lost sight of in drawing rocks of the kind now 
under consideration. There is df(j3j,peculiarity of tone which ought to be represented. 

As tho masses of slatq. that ^ presented in quanics and cliffs are essentially 
angular in detail, so those mosses, of slate which arc presented in mountains arc 
essentially hard in the ma^. This'^^is especially seen in the slate mountains of Scot- 
land ; and it occurs also in 'Wales and in tho^ principal mountains of Cumberland. 
The peculiar roun^ess on one side, and tho angular shape on the other, is charac- 
teristic of the rock in either case. Where there are pools and lakes of* water 
accompanying date, wc very often have exceedingly fine effects, and especially 
in those cases where the water falls in considerable masses over slate rock. The general 
features of a slate and clay district voiy very much, owing to the irregular oction of 
water ; and this must always Ijp the case, because water acting at different times of the 
year produces different effects. It is very seldom the case that date rocks are without 
some appearance of vegetation, usually consisting of lichens, and very often in rocks of 
this kind there arc little crevices and ledges allowing of larger plants ta make their 
appearance. It is also not uncommon f(>r slate rocks to have both quartz and limestone 
veins traversing them, and then, as the limestone decomposes, it mixes with the clay, and 
produces marl. The seeds of plants blown about by the winds, or deposited by birds, 
grow in these recesses, and even a tree sometimes appears splitting open tho rock 
and making a way -for its root's, Tho conacquene'e. is tho production of a peculiar 
association of rich vegetation, with otherwise wild scenery. This natural planting 
on slato adds to tho picturesque character of tho rock. It sometimes happens that 
schists and dates are associated with large quantities of silicious matter, forming a 
very hard but irregular mass ; and when exposed to the aotion of the sea, this 
decomposes in a striking manner, producing very hold sea cliffs. This is the case 
on the coast of Ireland, and also on the coast of the Isle of Man, where Douglas Harbour 
shows very beautifully tho form which such rock can assume. Numerous instances of 
the same kind, on the coast of Great Britain, could be easily given; but in one or two 
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cases the weathering and the action of the sea have been different. All these varietiGS of 
form are seen occasionally as characteristic of this particular kind of rock. 

Although, then, it may have seemed that the peculiarities of a rock, so common as 
clay, were hardly sufficiently important to claim a lengthened notice, yc^ if may he 
found that even in this apparently imimportont detail there are great truths in nature, 
and that if these aro not observed by the artist, his picture will be imperfect, and 
unworthy of a high place among the efforts of the pencil. 

But| indeed, of tJl matters that are important in a landscape pretending to high 
cxcfdtgQce^ none are really more so than those that have reference to the subject now 
before us— the broken foreground of earth. The contrasting forms of distant and 
remarkable scenery ore cosily* caught and preserved. The striking tints of colour, the 
bold masses of light and shade, the character of the Mmcry generally, (using this 
expression in its widest sense), may bo obtained by the camera lucida or the daguerreo- 
type, and thus all the more decided outlines be perfectly true. But then commences 
the work of the true oitist; and it is onlj^lio who can first feel and appreciate, and then 
represent ]{^aturc'a delicate detail of min||^ form and colour, who can bo said to do 
justice to ^c scenery, and originate a true work of art. And here it is that know- 
ledge and feeling of the nature of clay and earth, and the peculiarities of form they 
arc likely to assume when acted on by air and water, come into full play. The more 
these details are attended Co, the more near perfection will the picturo be. “ The 
higher the mind, it may bo taken as an universal rule, less it will scorn that which 
appears to bo small and unimportant, and the rank of a painter may always be deter- 
mined by observing how he uses, and with wh'd^'^Amount of respect he views, the 
ininutim of na|prc. Greatness of mind is not indeed* showii by admitting small things, 
but by making things great under its mfiuene^. Ho who can toko no interest in 
what is small, will take false interest in what is great ; he who cannot make a bank 
sublime, runs a chance of making a mountain ridiculous.*’ 

Gxystalline and Igneous BrOck.— W c have now to consider those peculiarities 
of scenery due to the presence of rocks, either altered from their original mechaidcal 
condition, or formed directly by some igneous and crystalline action. These rocks aro 
not unfrcqucntly the central lofty peaks of gi'cat mountain chains, but they occur also 
in subsidiary ridges, in hills of moderate elevation, and even in wide plains. They arc 
sometimes altogether barren, and occasionally clothed wTth the most luxuriant vegeta- 
tion ; in one place they astonisli by their savage grandeur, in another fatigue by their 
tame monotony, and in a tliird charm by their beauty and softness. They include two 
very distinct kinds of material corresponding to difference of scenery. 

Volcanic Bocks, lAva, and Basalt.— In various parts of the w^orld there arc, 
it is well known, certain conical mountains vomiting flame and smoke, and frequently 
belching forth showers of stones, or pouring melted rock on the earth’s simfacc or beneath 
the water. These arc called volcanoes, and in addition to those now* in activity there 
are numerous others occupying whole districts where similar hills and rocks erist, not 
produced and not known to have erupted within the historic period. The annexed view 
of Cotopaxi, in the Andes of Quito, (p, 178), will remind the luader of tlic regularity of 
form which is peculiar td mountains having this origin. It is described by Humboldt 
as tho most beautiflil and regular of all the colossal summits of the Andes, being a per- 
fect cone, covered with snow, and shining with dazzling splendour at sun-set. Ko 
rocks project through its icy mantle, except near the edge of the crater, and it is con- 
sidcred that the ascent to tho summit is impossible, owing to deep ravines surrounding 
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the cone on all aides. The height of this sammit is nearly 20,000 feet, and it is esti- 
mated that the fiery mate- 
rials projected from it have 
been thrown into the air 
nearly 3000 foot abore the 
top of the mountain. 

Without dwelling on the 
nature of volcanoes and their 
remarkable phenomena, it is 
clear that such scenery is of 
a totally different nature from 
any of those varieties hitherto 
considered. The Peak of 
Tencriffc, the fine cone of 
Mount Egmont, and die 1 .;:l.s 
considerable, b^t better 
known, appearances ofYc- 
, ^ simus and Etna, render it un- 
njcessary to say more as to 
the general character of vol- 
canic mountains. 

VIEW OF THE VOLCANO OF COTOPAXI. Mount Egmout, liowcvci*, 

is an example of what is 

called ail extinct volcano, Q). 179). There is here, as in the active volcano of Cotopaxi, 
a cone of cindjrs and burnt rock ; hut the exterior cone is of hard lava, and then* 
:i-o no appearances of recent disturbance, although a still active volcano communicates 
v. illi it by a ridge of hills. 

One result of the peculiar origin of volcanic mountains is that, generally speaking, 
tlicy show an exceedingly smooth shape, and want that tciTace-shapcd form which most 
mountain masses exhibit. If, for example, this volcano of New Zealand, or any other 
which exhibits strongly the characteristic appearance of such mountains, is contrasted 
with such appearances as arc seen in the Alps, and have been frequently represented in 
these pages, a marked difference will be recognised, and the smootlmoss and regularity 
of the volcano will bo soon to contrast well with the grand iiTcgularity and picturesque 
rougliness of the other kind. 

Another point may he stated here with regard to these volcanic mountains. 
Gonerally speaking the cone consists of ashes, forming walls wliich have been often 
broken by toiTcnts of lava, and sometimes by hot water pouring down tlie moimtain 
side. Yolcanio ashes contain, in many cases, the materials which in course of time 
and on dccompositign become excellent vegetable soil. Thus the sides of a volcanic 
mountain will be covered with vegetation when it is below the level of peipetual snow, 
except where the ashes have been newly poured upon the surface. Wherever an 
irruption of ashes or a torrent of lava pours over the side of the mountain, there the 
vegetation would be destroyed, and there will be absolute barrenness ; hut wherever 
these ashes or the lava have remained for a long time, and the rocks have become 
decomposed, there wiU he an exceedingly fertile soil. Such wide contrasts of extremo 
fertility and extreme barrenness, aro seen, for example, on Mount Etna, whose sides arc 
alternately rugged and clothed with vegetation; while on the fianks of Vesuvius, on 
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tlio other hand, there is, in most ports, little relief from barrenness, owing to the rapidity 
with which the eruptions have succeeded each other. Whatever has groMTi is soon 
burnt up by the lava, and the lava has not remained sufficiently long to allow of its 
being decomposed, and a vegetable soil afterwards formed. These contrasts arj peculiar to 
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volcanoes, and are not found in rocks of other kindif - The colours of volcanic-] 
tams'ape also peculiar. Generally speaking, the materials that have been cn] 9 M.£ilnn 
thexm.aie:.offa.dad^orpalc brown cobiiv,.ooimtmg ftthcr of molteaired&oc adkes. 
In either case th^. ooldw is :po6uliRr rand quite, differ^^^ froxiL.11db^ oolite of ordi- 
nary rocks. The ashes, whcsseeii at a dtence^ arc, CP7. having^ 

received that tint from being in a very minute 6tataio&8id)8iviteft;.for'all matter in 
minute subdivision is of a white colour. The volcaniai rool^.wlte'in the foiscof dno 
ash, thus assumes more of the grayislrtint, aiuLthia is probably really-the seozet of the 
colour alluded to. The only places in Europe where volcanoes are in a state of activit}'* 
arc the south of Italy and some of the Greek islands. There arc, besides these, some 
islands off tho coast of Africa, and the remarkable volcanic island of Iceland, off the 
northern coast. 

But Europe is not without traces of volcanic action, in many other and widely 
distant localities. Thus we find crater-shaped hollows existing in places w'here there is 
no known volcanic action. In the neighbourhood of Gologuc, an area of sixty or 
seveniy miles in length, and almost as mtich in breadth, everywhere affords good 
proofr of volcanic action having gone on to a very great extent. This volcanic action is 
shown in various ways. The Siobengebirge, or Seven Hills, of which the Dradienfels 
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is the most striking, have been admired by CYcry one 'who has travelled along the 
Bhine ; but those who leave the river, and enter the country, will there see much more 
striking appearances, some of them remarkably characteristic of volcanic action. Some, 
indeed, of ^thc hills near the Drachcnfcls are perhaps more easily seen to bo the result 
of volcanic action than that is ; but all arc really constructed of volcanic materials. They 
consist either of lava, in one shape or other, or of volcanic ashes. In some eases the lava 
itself is seen where it has burst through tlic sides of volcanic hills, and its course may 
then be traced very distinctly. Some of the cun'cnts are even traceable on the other 
side of the Ehine ; and throughout the whole of this district thoi'c is a remarkable 
continuity of structure, and one which c^*idently pcrwadcs the whole district, maiking 
with characteristio features the existence of these volcnnocs. On the left bonk of the 
Bhine, where the volcanoes arc Hot so well known to travellers, although equally familiar 
to the geologist, there are othef striking evidences of volcanic action, consisting even <#]' 
volcanic cones, from whose sides lava currents have been poured forth, and now remain. 
Throughout the whole district the soil is made up of volcanic ash, and there is no 
doubt that the volcanic products formerly covered the whole surface. 



EXTINCT VOLCANO, CATAEKCAUMENE. 

Other districts arc equally well known, though not perhaps equally familiar, in 
which extinct volcanoes arc traceable. Thus, in the middle of France, in the Auvergne 
district, and again in Catalonia, similar phenomena are traceable, and are well wor^y 
the attention of the artist, as presenting very pictnresquo features of a kind by no means 
BO familiar as those of most of the scenes selected for landscape. Further east, in the 
now deserted countries of Asia Minor, tho appearances are even more striking, and we 
there find large tracts of conntiy burnt up and destroyed by ancient fires, though now 
no volcanic appearances are visible. The above view of the so-caUod Catakccaumenc (the 
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burnt up district), is strikingly’ illustrative of this state. The following description is 
xm admirable sketch of the class of scenery it refers to, from the pen of Mr. .. 

<< Beginning with the north, on our extreme right was the barren torm^ation of the 
ridge on 'whicb we stood, to the west of which a black and dome-^ped hill of foorue and 
ashes rose about five hundred feet above the plain. This was the Karedevlit, or Black 
Inkstand, the volcano of Koula, so near that none of the effects of its wild and rugged 
character were lost, and so steep, that to ascend its slope of cinders appeared impossible. 

front of us, a black and rugged stream of lava extended from right to left, the 
surface of which, broken up into a thousand forms, looked like the breakers of a sea 
converted into stone amidst the fuiy of a gale, and forming, as it issued ftom the base 
of the cone, a striking contrast with the rich plain thrqugh which it seemed to flow. 
Beyond, to the north-west, were other volcanic cones, which, from their smooth and 
cultivated appearance, the vineyards reaching to their summits, must have belonged to 
a much older period. Farther to the left was the town of £oula itself, w'ith its tall 
and graceful minarets rising above the lava.” 

It wcflild appear, from historical documents, that the ago of thirty centuries £9 at 
least due to the more recent cones, but the others are much older. 


Other proofs of volcanic agency are not wanting ; but the most striking and pic- 
turesque are those in which the lava, onco poured forth in a fluid state, has since, in 
cooling, become columnar. 

This peculiar and scmi-crystallinc appearance is well seen on the north coast of 
Ireland, and the opposite shores of Scotland and its islands. In these places, the mere 
mention of Giant's Causeway and FingaVs Cave, will at once call to the reader's mind 
the peculiar features of some of the most singular scenery in our 
islands. The latter especially is worthy of notice, for the extent 
to which the basalt has been acted on by the waves, owing, no 
doubt, to irregular hardness. The great cavern (see 
Cut) is described as consisting of a lava-like mass at 
the base, with two ranges of basaltic columns resting 
on it, presenting to the eye an appearance of regularity 
almost architectural, and supporting an irregular ceil- 
ing of rocks. • 

The extinct volcanoes of the Bhino, Central France, 
and Catalonia, are tho principal ones in Europe ; but 
they arc not the only ones. There are other ports of the 
Continent, which the English artist does not so fre- 
quently visit, but which exhibit this peculiar scenery 
xcecdingly well, and sometimes very strongly. As an 
example^ may be mentioned some 
scenery in the north of Bohemia- 
scenery that is partly volcanic, 
but that exhibits volcanio hiUs 
thrust through stratifled rocks, 
and not merely consisting of 
ashes heaped on a plain. 
KISOAI.'. CAVE, .tafea. Thesc MUs are therefore die- 

tinct features, and they inter- 
vene between a range of country extending along the south of Saxony into tho heart of 
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Bc^emia. The suiroiindiiig scenery is of a totally diffbrent nature, and the pheno- 
mena in question have reference to the well-known hot springs of Toplitz, which aro 
also the result of ancient volcanic action. 

In l^ansylvania, again, there are a number of volcanic districts of this'kind, all of 
them well marked, in which the volcanic passes into more distinct porphyritic struc- 
ture; and there are many districts where it is difficult to trace the direct relation 
between the two. In these and other eases we have volcanic results without volcanoes, 
and frequently the material accumulated is spread in large tabular flat masses over a 
country producing that peculiar character of rock, colled (from the Swedish word treppoy 
a stair) trap rock. Such rock is widely distributed in various parts of Europe and Asia, 
but most especially in India. large district, including many thousands of square miles, 
in the north of the Indian peninsula, is entirely covered with rock of this kind, which 
is nothing more than lava of ancient date. In these eases it is probable the lava has 
been erupted below the sea, and there ha%bcen a great body of water, spreading this 
lava over a wide area, and forcing it to cool under a great pressure. The same thing 
is seen in central France ; large bodies of lava have been poured out on the surface of 
these hills, and cooled in thin plates. This is the general character of basaltic platforms, 
and the transition of this form of basalt to true granite is not very distinctly made out, 
nor is it very important to trace. ‘ 

Girajiite. — ^The appearance of granite is now to be considered. Granitic rocks are 
met with, generally occupying very distinct positions wuth regard to the limestones, 
sandstones, and clays, wdiich have been already described. Granite must be con- 
sidered as a central . rock, forming mountain masses in the strictest sense of the 
word, and occupying the lowest place in point of geological position — ^tho other rocks 
resting upon it. There arc, however, two forms in which granite is presented to us. 
One form is that of a central ridge, round which, or on either side of which, other rocks 
make their appearance. This is the most common and best known form. The otiicr 
is that of rounded masses, which are more or less decomposed. The first is a remark- 
able characteristic in almost all mountain districts, and in these cases tho granite 
is presented to ns as pyramids or wedges. In a few eases there is evidence of the 
rock having been erupted with violence, and the texture and nature of other rocks 
associated w’ith it are altered^ to correspond in some measure with its structure. .'But 
the granite has more frequently undergone alteration itself ; having, perhaps, in somo 
eases been forced up slowly at a high temperature, gradually cooling as it is exposed. 
In cooling it has contracted, and contracting it has split ; so that it is generally pre- 
sented to us with a great number of angular forms. In some cases we have a conti'iil 
ridge, and on the sides of this ridge other rocks, often great masses of slate. 

The appearance of granite itself is very well shown in somo iUnstratums already 
given. Thus the Aiguille dc Dm (page 144), and the view of tho Eandal Ste|g (page 
129), represent distinct views of the main ridgo and tho central port of Mount Blanc, 
and shew very well its striking angular form. This' mountain is very 10%, and is 
placed in such a latitude, that for a very considcrablo, part of its height itis entirely 
covered with snow, which, while it adds to tho picturesque effect, does not of course 
seriously affect the peculiar form. Tho details of 4hc form arc seen to differ according 
to the point of view ; but tho general effect is not%iuch altered. 

The peculiar characters of granite scenery aro indeed worthy of notice, as being 
almost always found to prevail ; so that, except in those instancos in which granite has 
become greatly decomposed (and it sometimes decomposes very rapidly), the scenery is 
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always characterized by these points. In the first place the outline of the rock is dean 
and sharp, and all the fissures arc seen with a dear and angular surface. The more 
accurately such rocks are examined, the more the eyenness of clean sharp fissures 
exhibiting distinct angles, may bo recognised. There is no rounding, excqpt where the 
rocks have been exposed to friction. 

Where, however, the granite is, as in the Scotch mountains, greatly affected liy the 
action of the atmosphere — ^whero the changes of temperature arc A'cry considerable and 
rapid— a certain amount of rounding must necessarily take place, although the general 
features arc preserved (see annexed view of Ben Lomond). One result of this pre- 
servation of the usual appearance and structure of the rocl^ is that all the shadows are 
idso very shai*p. 

Granites^ therefore, in almost all cases where they ai# presented in large masses, and 
where they have been much worn and weathered, not only afford a distinct and dear 
outline of rock, but the shadows thrown arc also distinct and clear, and this is a point 
whii h should always be attended to in representing such masses, as in a general way 
it may Iw said that decision of outline is the great character of granite scenery. There 
is, however, another point as to this scenery in the distinct elevation of the peaks. 
They rise boldly with gi*cat latitudes, and can only bo seen distinctly in two ways. 
They cannot bo looked upon to advantn je from a near point as in an ordinary landscape, 
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and the observer should cithev igtQ^d neai; the rock and look up to them, asJs the case 
in some ports of the Alps (see view of the Aiguille do Dru, already referred to), or look 
at them fxom a very great distance. The difference is considerable, and requires to 
be attended to. Standing near looking up to a mountain, it is hardly possible to 
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obtain a dear and correct view of its essential features ; tbe eye is not at all capablo of 
appreciating the altitude, because there is nothing ayailable for comparison. By the aid 
of the other senses one may obtain some appreciation of the magnitude of a mountain 
mass ; as '^hen matching a lofty but too near mountain side, a mass of snow is perceived 
falling whidi looks like a snowball thrown from tho hand ; but, after a considerable 
interval, the sound of an avalanche is heard, and is known to be the direct result of 
what has been seen ; the car and judgment here assisting the eye, a correct impression 
is obtained ; but this, of course, cannot be represented by art. For this reason it is, that 
scaicdy any attempts that have been made to present very lofty mountain sccnexy' in 
detail, as seen from very near points, have succeeded. Mountain masses aro thus 
usually represented from a distance, and they aro best so represented, for it is only then 
that the true characteristics of the mountain arc appreciated. In standing at a great 
distance, and looking at the mountain mass, tho summits will be clear and distinct ; 
tho higher the point, the clearer, and yet the fainter, it will be. There ^vill be no 
indecision in tho outline of the mountain ; but, on the contrary, it will be a distinct 
and sharp line ; and indeed it is not possible for art to draw a lino more sharply than 
nature represents distances in this way. Tho clearness and faintness of the general 
outline is softened by the peculiarity of the shadows ; and tho effect is almost trans- 
parent, because there is a great deal of mixed light throiyi in the shadows. When a 
shadow, produced by a considerable mass of rock, is seen from a very great distance, 
so much light is mixed with the shadow that it cannot possibly be seen dark. The 
shadow will be os faint as it is possible for a shadow to be, and yet will bo perfectly 
distinct.* 

In speaking of the delineation of granite moimtains there are some other facts 
worthy of notice. The first is that variety of form is the only thing that can enable 
the critic to understand the nature of tho scenery and the structuiu of the rock ; and 
another point to bo referred to is the peculiar gray tint on such mountains when seen 
tow’ards the evening. There is an effect about this latter phenomenon that no words 
can describe, although tho pencil has frequently been found able to delineate it. There 
is, indeed, something in the effect of direct sunlight on these mountains, which is at 
once striking and peculiar, especially— perhaps exclusively— in iVlpine scenciy. On the 
western side of Switzerland, locking at tho high Alps, tho forms of the mountains are 
distinctly to be seen, and no doubt is suggested as to whether wdiat is pcrcclycd is a 
mountain or a cloud, and yet the mountain and the cloud have, in such cases, as nearly 
the same tint of colour as it is possible to imagine ; they aro both nearly pure white, 
and the mountain is the more ghost-lrke of the two. It is on elevated mass carried 
away from the earth, but connected with it. 

iliese are the principal points connected with the form of granite os it is repre- 
sented to us in moun|ain masses. Granite is also represented to us occasional!}’^ in 
rounded masses and decomposed rocks, and is sometimes exceedingly picturesque. 'Jliere 
ore not many instances of this in En^and ; os in Dartmoor and other Cornish moors 
tho granite is little adapted for such representation as the artist requires. Still there 
is a character about it which marks it as belonging to this kind of rock. In other 
parts of tho world decomposed granite exhibits other characteristics, sometimes very 
peculiar. 

Tho clothing of granite with soil and vegetation is a point worthy of notice. There 
aro two kinds of covering of granito: occasionally it is clothed and concealed by pio- 
• See Budun’s Modem Paintera.*’ 
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turesquo wood; but goncwdly granite rocks arc not favourable to vegetation, and wc 
have many striking peculiarities arising from the absence of vegetation. Such ]X)cks 
ore, in fact, much more likely to be covered with snow than trees; and this snow- 
covering is remarkable in the mixture of lines that it gives ; while the sweeping form 
given to snow by winds contrasts with the sharp and distinct shape of the rocks. 

In the highest and most ideal consideration of this part of the subject, wc must 
regard the granite mountains as indicating aetiony being, as they arc, the rocky frame- 
work or skeleton of the earth, and exhibiting only repose when their forms are obscurely 
covered with rocks derived from them. Mountains are thus expressive of passion and 
strength; and the convulsive throes of nature, felt in the earthquake and seen in the 
torrent of liquid fire that issues from the volcano, are n^ less distinctly recognised in 
those far grander results which have lifted continents above the waves of the ocean, 
and which present themselves in the vast ridges and peaks of granite seen in the Alps 
and other chief mountain ranges on the globe. 

Mountains rising simply and majestically above the earth are thus, os it wore, the 
bones standing out from their fleshy covering. Masses of rock, of which a portion now 
lies buried thousands of feet below the general surface, and which position the rocks 
themselves once occupied, are seen springing up in vast wedges and pyramids, flinging 
away their covering of eartJi, and starting in fieiy peaks above the clouds, as they bear 
aloft and exhibit to man the highest and the grandest representations of the majesty and 
the strength of nature. 

It is thus a grand principle, that the mountains of igneous rock rise up from under all 
and arc the support of all. On their flanks, the lower but yet considerable and often 
mountain masses of limestone and sandstone, and more frequently the slates, repose 
and incline, having been themselves lifted up, and therefore forming a subordinate 
group. The life, the vigour, the energy is communicated in proportion to the truth 
with which the central mass is delineated ; and if this truth has not been sufiicicntly 
studied, and the picture has not the impress of reality upon it, nothing can redeem 
it from mcdiocrity. Since, then, here is the chief life, to this also should the attention be 
mainly directed \ and it would bo as reasonable to expect that a great artist should 
arise, who could paint the human figure and human flesh without a human being to 
sludv from, as that any one could truly represent ii landscape, in which mountains arc 
introduced,^ without having first studied in nature’s life-school, and made himself familiar 
with the real as well as the conventional forms of natural objects. Everything is sub- 
ordinate to the fundamental form of the solid earth ; the form, whatever it be, is ultimately 
dependent on the elevation that has been produced, and this again has reference to the | 
vicinity and magnitude of crystalline rock. The study, therefore, of crystaUinc rock, as | 
exhibited in mountain scenery, cannot fail to repay tbo artist amply for the labour 
it may cost him. 

Oxavel and Bouldeis -Wo bavo now to consider the case of rocks trans- 
ported to a distance, and generally worn and rolled by mechanical attrition. This 
last portion naturally completes the whole subject to which attention has been directed, 
and it involves certain considerations, with regard to matters of detail, not yoi alluded 
to. ‘Whatever rocks may bo composed of, they are sure to be covered, after a timc^^th 
debris or fragments of their own substance .that have been disintegrated, or broken 
up either by the action of the weather, or by water entering into tbo interstices, until at 
last there is a covering of vegetable soil. We may consider, thm^ rocta, 
whatever they may be, provided they bavo been exposed a sufflcient time, would 
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becofie covered up, first of all, vitli broken fragments of thcmsolvcs and vritb vege- 
tation ; but it is also certain that, in addition to this, or before this has taken place, 
many rocks have become covered with fragments removed from a distance. Such 
rocks, o# small size, accumulate to a great amount, and are frequently transported by 
water either by ordinary currents or by floods. In this way also arc sometimes carried 
away lai'ger blocks, which ore afterwards deposited on the sea coasts, or at the sea bottom. 
This rolling of blocks of stone, finni high mountains to a considerable distance, neces- 
sarily produces considerable effect on the edges of the rocks, and sometimes their edges 
arc very much rounded; but this of course dcx)cnda on the hardness of the rocks, and 
the facility with which it splits. Sometimes, instead of being rounded, the rock will 
be broken and jagged, am^these arc changes aflcctcd by peculiar and local circum- 
stances. The diflbrent blocks accumulating at the bottom of the mountain form a 
sort of connecting link which unites the plains with the mountains. Such slopes arc 
tlius gradual ascents from the plain to the mountains, produced by a peculiar form of 
the mountains and the mode of its elevation, but consisting of material deposited after- 
words. Hills, or low elevations of material deposited in the plains, do not arise fram tlio 
plains, and always show this in their relation with the sccneiy. This grand distinction 
should be borne in mind, not only by the artist but by every person who interests 
himself with matters connected with ^ art. It is important to re mind the reader once 
more, that there are in this way two distinct classes of rocks, one class arising from 
beneath oth(‘rs, and forcing them up ; the other class deposited on other rocks, and 
being mere heaps which rest upon them, and that these produce a considerable differ- 
ence in picturesque effect. Mountains that rise frtim plains arc generally jaggi'd, sharp, 
and angular; they exhibit the appearance of life; whereas those hills that are 
merely fonned by deposits resting on the surface are frencrally heavy, and do not add 
so much to the picturesque effect. The use of these hills may he considered to be rather 
with reference to the clothing of vegetation ; the mountains arc often most picturesque 
when they arise without any vegetation at all; but the hills arc picturesque when 
they are covered with trees. We have then the scenery connected with boiJdcrs and 
gravel, connected with the hill scenery, because the hills arc generally thus composed, 
and the characteristic of this scenery will be softness of outline. This almost necessarily 
belongs to the way in which jihe rocks have been formed. 

ChazacteiiBticB of Kills.— If, then, an outline is hard, it must be so for souic 
good reasons. There must he large masses of rock, or mountain masses arising out of 
the surface. But these moimtain masses do not depend on thoir height. They aro 
seen as well when at a moderate as at an extreme height; there being, ho'\^'cvcr, an 
apparent cxc.option in the case of volcanoes, wbicb sometimes rise from beneath the sur- 
face of the earth, and are not entirely formed of ashes poured upon the surface. A 
few examples will show this. A mountain chain exists in Wales; there are hills in 
Switzerland higher ^han the highest mountains in Woles, but they arc not therefore 
mountains, nor are those in Wales hills. In the strict sense of tlie words, hills, con- 
sisting of isolated groups of boulders and gravel, belong to the subject of foreground ; 
and the grand distinction between foreground and background, in principle, is that of 
hill and mountain. HiUs, then, belong strictly to foreground, provided that tho object 
of the picture has reference to the general structure, and not to any particular details. 
It will necessarily bo the case that, where the object of the picturo is to present details, 
the foreground may be any part of the hiU, country, or plains ; but, whore tho picture 
is intended to be comprehensive, and represent nature on a large scale, a background is 
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required connected ^th mountainous and not Hlly features. The boclcfpround deter- 
mines the oharacter of the picture, which the foreground modifies. In the latter case 
there is no sharpness of edge, although by the mode of wearing there is proof of con- 
siderable hardness. There is, howeyer, great difference between this want* of sharp- 
ness on the edge of the rocks, and want of hardness in substance, and this effect is 
produced by an artist when he understands what he is about, but is liable to be lost if 
some attention is not paid to the rock and its structure. With regard to transported 
rocks, local circumstances will very often explain the peculiarity of their appearance. 
The Logan stone in Cornwall, and the Gray wethers on Salisbury Common, are very 
good examples of this peculiar structure, and of the effect of rocks which have been 
removed to a distance, and which thus contrast very tnuch with the general struc- 
ture of the country in the neighbourhood. 

Weathezlng of Rocks.— In consequence of the distance to which the rocks 
have been removed, and the difference of structure that they exhibit when placed in 
their new position, wo very often have contrasts of colour, and in the nature of vege- 
tation. ^[ius, if a block, or group of blocks of granite, is removed from a distance 
into a soil capable of growing plants, or if sandstone rocks are removed to a distance 
into a chalk or clay district, there is not only a considerable contrast, but, if siicfi 
rocks bo capable of disintegration, and of mixing with the soil, they produce a rich 
harvest of plants ; but if this be not the case, either the tronsported or local rock may 
be covered by vegetation, while the other is barren. This is especially manifest in the 
case of the giay wethers in Salisbury Plain, already mentioned; for here the plains 
themselves arc formed, for tho most part, of chalk, and arc covered with vegetation ; 
but upon them arc strewed hard masses of sand which do not disintegrate, and there- 
fore do not allow of a growth of plants upon them. The result is tho strongest con- 
trast in colour and general appearance. The rocks arc very much weathered, but still 
they do not harmonise entirely with the surrounding scenery ; they form a contrast, 
and add in this wmy to the pictui’csquo effect. Something of the same kind is seen at 
the back of the Isle of Wight, where, in consequence of the irregular action of tho sea 
and the mixed stinicturc of the cliffs, there is a considerable amount of wearing, and the 
rocks are constantly renewed. 

There is often a good deal of interest in observin^the condition of rocks in water, 
and the vray in which rocks, removed by water, make their appearances. Such rocks 
are generally rounded and affected l)y tho action of the water in a different w^ay from 
those w'hieh arc constantly rolled on one another ; for, in tho latter case, their form is 
more completely rounded than w^hen tiioy arc brought to a stnnd-still at any particular 
point, and water is rushing past them. There arc many instances in Wales where 
rocks havo been brought do^vn by water, until at last the moimtain torrent vridens out, 
and, when checked in its progress, deposits a yovy considerable part of its load. Pocks 
are thus accumulated in particular places, and when once tbero arc seldom removed, 
particularly tbc larger ones, because it seldom happens that the curi\ nt comes with 
sufficient force to set them in motion. Tho bed of a torrent may thus be choked up 
with largo blocks, which' then bccoittc acted on by water in a different way from 
before. 

Giaynesa.— There aro some interesting cflfccts of light, with regard to fore- 
grounds, which it is worth while next to notice. Amongst them is tho want of 
grayness. . Generally speaking, tho ftirthcr an object is from an observer, tho more 
gray the light and tints will necessarily appear, because the efibet of grayness is pro- 
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duced hj the passage of light through a large quantity of air. The lesult is, that 
although the colour of an object may bo quite os vivid or moro '\dvid in the distance it 
will havo a different tone of colour from a portion of the same object in the vicinity. 
The gray may be as bright at a distance as when near, but that part of the object 
which is near will be much less gray than at a distance. This is necessarily the result 
of the laws that govern light, and may be noticed by any one with respect to natural 
objects. The grayness of effect is a point frequency attended to by artists without 
their kno^ving the reason; but it is a point that is much better acted upon, if it be under- 
stood, than if merely performed by rule, without being thought of. 

▼egetatlon.-'Whcn we consider the effects produced by close observance of 
Nature in this way, we shal^ often find many curious results of vegetation which at 
first might not present themselves. There is, for example, a very distinct reference to 
the structure of rocks in the kind of vegetation natural to them. Thus certain kinds 
of trees, in our own country, generally grow best on particular kinds of soil. At first 
this might seem to bo an observation merely interesting for the agriculturist, but it 
ought not to be neglected by the artist. If an artist wished to represent a scene, in 
which a great amount of sand and sandstone prevailed, and desired to exhibit this in 
•the most perfect manner, but were to place on each rock groups of trees which gene- 
rally are confined to a different soil, he 'would produce a mixture of structure and 
vegetation which, although it might not strike the observer at first, would yet ulti- 
mately be foimd to injure the picture, and interfere w'ith its general effect in a manner 
which would entirely prevent its ranking in the first class. This is a point wcU worthy 
of notice, although rarely acted upon by artists, and certainly not recognised by any of 
the old masters. Generally speaking, there is in Nature a harmony between tho kinds 
of rock and the kind of trees that grow upon them ; this is the case in all countries 
and in all climates. In England we find the oak and such like trees chiefly grouping 
on clayey tenacious soils, and not on loose sand; and thus a landscape, with a group 
of fine oaks, in which the style of rock and its colouring should give the idea of 
loose sand, would be untinic and unnatural. So again, if w'c wish to represent fii-s 
and heath, it would be just as improper to represent the soil and rock as a clay ; since, 
in fact, these arc trees which grow host on sand, and when growing on rocks of another 
kind they would probably be situntcd and unhealthy, and therefore should not he repre- 
sented at all. The important point, however, to bo observed is, that if such trees arc 
introduced they should be so with strict reference to the stnicturo of tho countr}'. 

Conclusion. — Before altogether quitting this part of our subject— in which an 
endeavour has been made to bring forward, as an application of natural science, the 
consideration of many subjects not hitherto thought very important in the education of 
an artist, or at least not directly bearing on the practice of his art— it may bo well to 
add a few words concerning the fear that some (both artists and critics) may entertain, 
lest the familiarity engendered by accurate knowledge of natiu’c may chill and check 
the powers of tho imagination, and deprive tho artist of his chief inspiration, by removing 
tho warm and deep impressions of the heart, and replacing them only by the feeble 
though more distinct outline appreciated by thq intellect. Wo are often told that much 
of the beauty of great works of art, in every department, arises from tbo dim obscurity 
which magnifies real objects, and gives existence to shadowy and unreal forms. Such 
a view is honestly believed, as well os thoughtlessly said; and men of genius, whose 
influence is deservedly great, have advocated it ; it is therefore more than probable that 
aomc of the readers of this article may think, or may be hereafter told, that ignorance 
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of natural things is the chief source of our admiration and feeding of the sublime. To 
this, however, it may bo replied, that the true feeling of that which is groat is but a 
reflection of the feeling of infinity wliich every study of Nature encourages and renders 
more powerful. * • 

We may, however, safely and wisely appeal to other forms in which genius has 
shown itself; to the poet whose name is handed down fi*om generation to generation 
witli increasing love and admiration and worship, or to the great masters of music, who 
in a language that may bo called universal have immortalised sounds which have a 
deep response in every human breast. Works of genius of all kinds are indeed, and 
always have been, and "will be, admired and loved in proportion as they are clearly felt 
to be true in reference to human thought and human cxperi^cc. It is not less exalting 
to the imagination that we now look, in the truth of astronomical science, to distant and 
unnumbered worlds— known only by the telescope — communicating to us no light and 
no heat— connected by no tie but that gi'cat law which pervades all mattoiwt is no less 
affecting to tlio imagination that we can measure the vast orb of the sun, and toll the 
history of ^jistant worlds belonging to our system, but whoso very existence the dry 
pursuit of mathcmatirol science first teaches us — than it was when in the days of 
ignorance men in thcii* fancy and imagination saw* the 2)lancts and the stars nailed to 
their celestial vault, and when the ideas ot men on such subjects were limited by the 
naiTOW boundaries of tbeir actual knowledge, and shut in by the absence of truth. 
Surely if astronomy has gained, as a noble and elevating pursuit, by the discovery of 
trutli, even in spite of authority, tho appreciation of otlicr sciences will not be less 
benefited by being taken out of the way of error, and by the wddo distribution of sound 
knowledge, which at once feeds and chastens the imagination, and conducts it in the right 
direction. There cannot be a question that tho most solemn and imposing ideas arc those 
which arc founded on knowledge and not on ignorance— ou truth and not on falsehood. 

No doubt it is the case that a mere study of detail may tamo and injure the ima- 
gination in whatever department this study may direct itself. But in tho information 
here given it has been the object to connect a knowledge of facts with the great general 
laws of nature to which they v.'cro related. The search after tliis higher order of truth 
is tho real antidote to Hie danger incurred by the mere minute observer of facts. 
As we advance in knowledge, wo thus rise, as it were, to gpatcr elevations, and obtain 
not only a more distant view, owing to our better position, but a clearer and more 
transparent medium in which to observe those distant objects. Toiling step by step as 
wc ad^^nce oiiwai'ds — ^mechanical and fatiguing as our progress may be, and often must 
be — still in this scorch after lofty, general and distant truth, wo strengthen tho intel- 
lectual powers, augmenting not only tho number of our ideas, but the means of 
generalising and rendering more truly available those abcady possessed. 

There is, however, another, and hardly a less important or interesting view, that may 
ho taken of this great subject. The minute study of Nature, combiued with a know- 
ledge of general laws, involves an actual contact with Nature herself, in her freedom, 
simplicity, and grandeur, and induces imiircssions derived from the idea of order 
and law, exercising a soothing and calming mflucncc on tho mind, and well fitting it 
for those noble exertions which wo regard as inspiration, because we fool that they 
exhibit orcatiYO energy. , 

“ It may indeed seem a rash attempt to endeavour to analyse into its dements the 
enchantment which the great scenes of Nature thus exert over our minds, for this effect 
depends especially on the combination unity of tbc various emotions and ideas 
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excited ; but if we would trace this power to its source, we must take a near and dis- 
criminatmg view of indiyidual forms and variously acting forces. The aspect of 
external nature, when thus contemplated thoughtfully, is that of unity in diversity, 
and of ccoutection, resemblance and order among all created things, however dissimilar 
in form.” 

It is this unity in diversity, however, which renders the minute study of Nature so 
essential to him who would produce such a representation of Nature as shall itself be 
suggestive, and be worthy of the name of art. And hero again it is evident that truth 
in representation is a sacred duty and an inevitable necessity to the artist who deli- 
neates natural objects of u'hatover kind. To bo true to himself— to be other than 
essentially fiLse, he must be a student and an imitator of Nature. In the sublime 
idealizidioiis of Radaello, it Is well known that he has falsified the position of no one 
anatomical dctull in the human countenance. In the drawings of Michael Angelo it is 
nowhere found that a muscle is added to or taken from the fair symmetry of the human 
frame. Does Kaifaelle, in cxx)rcssmg celestial sweetness and softness, diminish the 
angularity of the male form, or, to give energy to a female face, represent an ou^no w'hich 
is not truly characteristic of the sex ? And ought the landscape-artist to venture to alter 
the coloiu*— llij form or the dvapeiy which Nature has herself selected to ax>pcar in to 
human eyes. Can ho with impunity modify and soften wdiere she is rugged and stem — 
or W'ill he, in order to give a false and paltry impression, produce an angle w'herc she 
has left a curve? It is true that many have done all this, and have even passed unde- 
tected by the critic ; they have succeeded for a timo in attracting the eye and cbarmiiig 
the senses. The clever artist ma}' obtain credit for boldness, and may tbinlc it a great 
thing to have originated a peculiarity ; hut aH this is done in tlic absolute certainty of 
being one day exposed and slighted, and one inevitable result will follow, — the verdict of 
posterity, and the general voice of reason, taste, and common sense will be given, and the 
pictures and artist will be alike neglected. Men soon Icam that truth is better than false- 
hood; and permanent admiration never has been, and never will be,, based upon a lie. 

What then, it may be asked, is this truth that is so much vaunted ? Is it a mere 
mechanical reprint of nature — ^is it a daguerreotype of some particular scene — docs it 
dhfer from a copy, and docs it demand no cifort of tlic imagination ? By no means is 
this the case. The imitation of nature that ought to be inculcated, is one of a kind tbat 
no mechanical effort can approach ; for the genius of man— tliat spark of the diriiic 
nature— is needed for its perfect exercise. 

It is necessary to study minutely all that is true and real, to imitate closely all that 
is lovely and grand, to know what harmony consists in, and how beauty and grandeur 
are produced. The senses only partially comprebend, and the uneducated intellect only 
half reflects on aU that is influential in producing those impressions of the beautiful, 
which are really worthy of being transmitted to the canvas. A landscape, however 
truly picturesque, must be properly seen before it is appreciated. Nature is not seen 
only by the eye ; she is not appreciated by the mere passing ti-avcUcr, intent on matters 
of another kind — observation, taste, feeling, intellect and genius, all lend their colouring, 
and all help to render naturo bcantiful. The true artist is himself always true — true 
to art and true to natni*G— both external and internal ; he is earnest, thoughtful, and 
reflective— for if he study nature ho cannot he otherwise ; he imitates, for he describes; 
but he throws a rich and warm glow over his description, and gives vitality and exist- 
ence even to that which is itself inanimate and accidental — for tlie sparkling light of 
his genius shines over all, and whatever he touches bums with living fire. 
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Lnitation, then, of lliis kind is not a mere mechanical art— and a picture, to deserve 
the name, must be something more than a pennanont reflection. It must express 
thought, and feeling, and hnowledg;c ; and to be useflil it must teach others also to feel 
and to Imow. It is no detraction fcom the merit due to a work of art to da; that it 
excites proper fooling and teaches useful knowledge. On the other hand, th^ is no 
evil so great and so much to be lamented as that which is sanctified, as it were, by 
haying the halo of genius spread around it; nor is there any ignorance so mischievous 
as that which induces the greatest and the most popular teachers to teach falsely and 
neglect truth as a thing of small import. 

AGBICULTURAL GEOLOGY. 

Natuxe and Origin of Soila.—Enough has been aflready said on this subject to 
give the reader an idea of the real state of the case, since all soils may be regained as 
formed originally from the disintegration or dccomposilion of rocks. The former 
is a mechanical cause, connected with the atmosphere, and resulting from the altci’- 
nations of ^yncss and moisture, and of heat and cold incessantly going on. The 
growth and decay of vegetation is another important agent. Idling in the same direc- 
tion, as no soil is available for useful plants, and tliosc requiring cultivation, without 
something more than the ordinary constituents of rocks. 

Climate, again, exercises a marked influence — first tending to break up all hard sub- 
stances exposed to its action ; while the torrents that full from the clouds, and afterwards 
rush over the earth’s surface, iu tropical coimtrics, arc scarcely less influential in 
grinding to powder and remo^-ing surface accimiulations of any kind. In tem- 
perate countries like our own, the frequent alternations of the temperature within a few 
degrees above and below the point at which water possesses the smallest voliunc, 
(about 3S'^ Fahr.), is anotber fruitful cause of dcstmetion, by the alternate expansion 
and contraction of water in the crevices of surface deposits, and the consequent 
splitting up and brcaldng off the outer weathered coat of rock. 

Decomposition is produced iu rocks partly by oxidation or exposure, and partly by 
the infiltration of water containing acid or alkaline substances in solution. Both causes 
greatly assist the disintegration already alluded to ; but rocks arc very differently 
affectod,—thc weathering sometimes extending downwards twenty or thirty feet, or 
more, beneath the surlacc, and sometimes hardly visible. In all eases, however, where 
valuable soil is found, there is a considerable admixture of tho surface rode witli 
material conveyed from a distance, and with humus and mouldf the brown permeable 
substances produced by the decay of woody fibre, which not only yield dried nourish- 
ment, but act indirectly, in a very important way, to render soils more generally useful 
than they would otherwise be. 

Besides tho soil, the subsoil exercises considerable influence on the vegetation of a 
district, and is often yet more nearly derived from tho underlying rock. By mixing 
these two mineral substances together, the value of the former is ofren greatly increased ; 
and by taking advantage of the condition and nature of the latter, tho mechanical 
operation of draining is often greatly simpMcd. 

It will be evident that, in a general way, a chemical investigation of iiuy soil will 4 
be more valuable than any mere account of its geological position. While, however, 
in an unknown district, the ago of a rock affords no valuable information fo; practical 
purposes, this is not the case where mineral substances of the same kind are usually 
met with iu geological relation to each other. Thus, in England, the super-position of 
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rocks, and Hieir general succession, being well known, the presence of a particular kind 
of sandstone renders it probable that rich marls are near, whUe another kind of sand* 
stone,— little different, it may be, in some respects,— is yet indicatiye of magnesian salts ; 
and another is likely to be associated only with tough days and coal. These various 
associations, on which this subsoil mainly depends, seriously affect the value of land, 
and thus it becomes not only desirable but necessary that the farmer— -to say nothing 
of the land-agent and valuer— should know something of what is likely to exist beneath 
the sur&cc, and be able to judge of the subsoil and rock by the appearance and known 
geological position of what comes to the surface. 

So again, whilst a knowledge of the mineral character of a rock, and its value for 
special purposes, rcquii'cs tl]|gt the chemist and tlic mineralogist should be referred to, 
there will arise questions of great practical importance, as to whether any quantity of 
such mineral as rock exists near at hand, and can be readily and cheaply obtained. In 
the case of KmMhnc, these matters arc of vital importance, and they involve considera- 
tions strictly geological. In an* oolitic district, one piece of stone might lead to the 
knowledge of a bed being near; whereas in gravel the presence of the mineral would bo 
merely aooidientDl. In a'district in which the rocks are not generally highly inclined, or 
much bofrlteand fractured, it might be at once determined that a bed of limestone found 
was pioli^ workable ; whereas, under other circumstances, perfectly understood and 
not uncommon, it 'mig^t, on the contrary, be highly improbable that such a bed, though 
found, could be worked to permanent advantage. Instances of this kind might be 
multiplied indefinitely, but it is unnecessary to do so. The ordinary and well-known 
conditions and varieties of stratified and unstratified rocks arc sufficiently uudemtood, and 
in the preceding pages have been sufficiently developed to enable the reader to compre- 
hend the general principles,— the application of vrliich to practice is so valuable to the 
foimer and land-cgcnt. 

In addition to the mixing of soils, and the advhntagc, imdcr certain circumstances, of 
deep ploughing for this pui'posc, there arc many points, in the practical treatment ot land, 
which admit of the axiplication of geological knowledge. Thus, where drainage is 
required, it can hardly be planned with propriety without some reference to the under- 
lying material, and the position in which it exists. The drainage of fun lands, and 
lands near the sea, with little Jail, but enough to produce a current of water when there 
is no obstacle, include one group of cases that require consideration. The drainage of 
uplands, where there is some fall, but where local peculiarities connected with the foim of 
the land allow water to be retained, forms another group ; and the drainage of land, where 
there is sufficient fall (and where there appear no reasons at surface for any accumulation 
of water, but where, notwithstanding, the ground does get choked, and prevents the 
advance of vegetables), also needs consideration, as involving a third class of phenomena. 

Alluwial Soil.— Connected with this part of the subject may be mentioned the 
case of soils deposited at the mouths of rivers, and forming strips of tho richest land, 
gradually widening towards sea. The mud thus brought down by nulning water, 
and left behind where the current of the stream is checked, is called aUuvialj to distin- 
guish it from the accumulations of mud, sand, and pebbles— tho result of accidental and 
occasional torrents, called dUtmum, In some paits of tho world, especially in tho great 
plains extending between the Caspian Sea and the sea of Aral, vast tracts of fiat 
country aic^|»^upicd by great thicknesses of tho richest soil ; and elsewhere, as in 
ports of India, other circumstances have conspired to produce similarly valuable soils^ 
whether for the cultivation of com or cotton. 
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Causes of Fertility.— Soils being at once the habitation, the mechanical support, 
and the source of nourishment of plants, eYidently require special treatment, and pecu- 
liar consideration. In addition to the vegetable matters which help to render them 
available, they require certain proportions of silica, alumina, lime, magnesia,.and iron, 
besides potash and soda, sulphur and phosphorus, and water. 

Fcr^ity depends on depth, and on the texture and eondition of the minerals that 
arc present, as well as on the nature of those minerals. The actual proportion varies 
exceedingly, as wiU be seen on examining the proportions that have been found in the 
case of some of the most remarkable known instances. Those'sclected are (1) the mud 
of the Nile, celebrated in history as the most fertilizing of aU materials, and constantly 
spread over the land in each succeeding year ; (2), the Tc^miozen^ or black earth of the 
Aralo-Caspion Plains, which feed twenty millions of people, and besides fifty 

millions of bushels of com annually, bearing crops for years tojnttbr; (3), the 
Regur^ or cotton soil of Indio, where constant successions of crops— cotto, and 
two of com — have been produced for the last twenty centuries ; and (4)^ the rich and 
valuable sdlls of various grazing counties of England, as Devonshire imd Cheshire, de- 
rived from the red marl. Of these the tchomozem is twen^Jbetihickrasadji^^ in 
addition to its solid ingredients, 2\ per cent, of nitrogen, while Sfi^^regur vaiq|n|j^'|h^ 
to twenty feet, and is chiefiy remarkable for its large per cent^ of carbra|Bo df mag- 
nesia. The Nile mud contains much the largest proportion of orgjfmc inattc^. 
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▼asiouB Kinds of Soils.— ‘It wiU easily be seen that as far as soils arc derived 
from underlying rocks, they may be divided into four groups. 

1. Aluminous, or clay soils. 

2. Calcareous, or lime soils. 

3. Siliceous, or sandy soils. 

4. Soils derived from basalts and granite, and of mixed character. 

Of these the simple and ordinary combinations require, indeed, to be known, but 

they occur in rodcs of all geological periods. Thus clay soils consist of silicates of 
alumina, mixed up with more or less sand, and frequently with lime, and are usually 
coloured with iron. When combined with from thirty to forty per cent, of sand, they 
become clay-loams. When there is fh)m forty to seventy per cent, of sand, they pass 
into tme loams and loamy soils; and not till the per centage of sand is nearly ninety 
do they become sandy soils. So again with from five to twenty per cent, of lime the 
soil becomes marly ; and not till it has more than twenty per cent. t)f4imo does it 
receive the namo of a calcareous soiL 

Of the various clays in England, those of the older tertiary, middle secondary, and 
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newer Palssozoic periods, contain but little calcareous matter; and thosoof the gault and 
lias but little sand, and much calcareous matter. Most of these soils are close and 
xetentiTa When wcU tended and highly cultivated, they produce largo crops of com 
and other grasses, but are not suitable for the turnip. poor and undrained, they 

grow coaSrso grass and oats ; but they require drainage and di'essing with lime, sand, 
graTel, or burnt clay, to render them really available. They usually contain the sili- 
cates of alumina (clay) to excess. The fen districts of Lincolnshire, Huntingdonshire, 
Cambridgeshire, and neighbourhood, are good iUustrations of the high capabilities 
of many of these unpromising tracts ; more especially for heavy com crops. 

Calcareous rocks, when perfectly pure, frequently yield barren soils, as may be seen 
both in the case of soft chalk and hard limestone in various parts of the British idands. 
These rocks are, however, r£cly without a certain proportion of cla}*' and silica ; and, 
together with a little vegetable matter, they make excellent, though often light soils. 
Soft limestones (chalk) absorb much water, but do not give it out again freely by 
draining naturally into crevices p although by evaporation it is easily removed. Thus 
most Of the limestone soils soon dry at the surface after rain, but rarely sufer severely 
ftom drought. 

SandvsoQs arc of various kinds, but always require admixture with limcstono or 
day, or both. , Pore sand has no cohcrenco, and contains nothing to which plants can 
attadi themselves, or from which they can derive nutriment. Combined with other 
earthy substanc&s of almost any kind, sands arc useful for certain purposes. Water 
enters sand freely, and runs through and into crevices without being retained in the 
mass ; and in this way sand greatly differs from limestone and clay. 

Alluvial soils derived from rivers generally consist of fine mud, and contain an 
admixture of mineral constituents, and a certain amoiint of organic matter, both animal 
and vegetable, mixed with them. Diluvial soils, on the other hand, are more usually 
atony, and often barren, consisting of large gravel, boulders, and fragments of stone 
mixed with clay. 

Many of the ignequa and mctamorphic rocks decompose into soils of the richest and 
most valuable kinds. Thus lava and basalt, in themselves rough, hard, and apparently 
altogether unfitted for agricultural use, only require a little time, and a certain amount 
of weathering, to produce the ^ncst soils in the world. Even decomposed granite is 
often very valuable ; and some of the porphyries may be roeognised as the undedying 
rocks in the case of rich soils. Usually, however, these hard rocks, when partially or 
' entirely crystalline, resist atmospheric action too long to allow of much vegetable soil 
accumulating on them. Thus the granites, gneiss rocks, slates and schists, arc pre- 
sented in bare mountain masses,— occasionally, perhaps, covered with a few trees ; but, 
except where the atmosphere is constantly moist, they arc essentially naked, and 
exhibit grandeur rather than beauty or economic value. 

SUneiial BbAwe8>”*The admixture of soils, so as to produce a mineral manure, 
IB a matter of the behest importance in the practice of agriculture. It requires a dis- 
tinct appreciation both of geology and chemistry to do this effoctually ; and certainly 
no farmer diould be ignorant of what probably exists a few feet, or a few dozen feet, 
below the* surface which he cultivates. It is now some time since the various soluble 
phoq^tes were found to produce a great effect, especially on root crops, such as tur- 
nips ; and the discovery of mineral phosphates, which, by chemical treatment, were 
made valuable for manure, was an era in the application of science. To tho scientific 
knowledge and experience brought to hear througli tlic agency of Mr. Lawes, of 
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Hothamatead, near St. Albans, beds of pebbles, forming a large part of the gravel ^ 
Suffolk and Essex, have been found worth working and removing to the neighbourhood 
of London, where they are treated with sulphuric acid, ground up, and mingled with 
other substances, to form a valuable mineral ingredient for certain soils. These pebbles 
consist chiefly of phosphate of lime ; and other deposits and veins of the same substance 
arc no doubt to be found in .'England and elsewhere. Their value is considerable, and 
they are well worth careful search. These are mentioned as affording good examples of 
the application of mineral manures to agriculture, even when the mincxals found require 
preparation of a somewhat elaborate kind. The admixtures of chalk with stiff clays 
and other soils of the same kind, arc less complicated, but hardly less important, inas- 
much as they are everywhere possible, and require less Imowledge and fewer experi- 
ments. To apply in this way with advantage the knowledge derived feom the study 
of geology, the farmer must know familiarly the structure of tiie earth .in his neigh*- 
bourhood. He diould bo aware, not merely of that yrhich he can see directly befase 
him .and beneath his feet, hut what rooks are below the suifSsce— how.thcy axe placed— 
what &ey Soutain— and how they can be best reached or avoided. .This knowledge of 
stnicturo, and the ap];dication of it,.is ^^practical geology'* of the best kind. 

Conolusion.— In this brief outline of operations concerning the science of agri- 
culture, .as based on actual observation of the earth’s structure, and ^atinguidied.fe 0 m 
mere empiricism, an endeavour has been made to illustrate a great subject, little hnder- 
stood, and less practised ; hut upon the due application of which much •of the pro- 
sperity and happiness of a large proportion of the population of England for the future 
must ready depend. 

If farmers and agiicultaiists, availing themselves ^ the knowledge and experience 
of others, as well as that acquired by themselves, arc willing and anxious to improve 
and fully cultivate their land, they may unquestionably now obtain a fair profi.t fer 
capital fairly invested ; but if they neglect the simplest laws of .nature, and the obser- 
vation and comparison of the operations daily presented to their notice, they will be the 
principal sufferers, although the general interests of ^ couni&y will no doubt also 
be effected. 

Nature has provided everywhere indications of the internal structure of the earth ; 
and these ore in no case so dear, and in none more important and valuable than where 
they refer to the culture of food plants. The kind of mineral riches required for this 
purpose is .gencroUy present near the surface, is easily undexatood, and soon hrougjht 
into use. It is thereforo quite certain that every one concerned in the management of 
land should he acquamted with the nature and range of each geological formation ; the 
conditions .and circumstances under which these come to the surface in his own imme- 
diate district ; the texture and derivation of the soil and its rdation to the sub-soil; the 
dip 'and strike of the strata, and the form and suifece of .the land, '^liere an estate is 
situated on several beds, each must -be examined; and the natural as well as actual 
condition of the soil must be determined, and mixtures of soil suggested. The extent 
and influence of faults and disturbances of Hho regular stratifleation must also be fairly 
.considered ; and the whole plan of cultivation must have some referenoe to those points 
which have boon here referred to. 

When draining operations on a large scale arc to he cfpimcnccd, and tho engineer 
steps in to assist, or precede the farmer, he also must untmrstand what is t>enea1^ the 
surfaoe before ho can fitly ax>ply his ahill and develop the resources his scienco sug- 
gests. No work is rcolly satisfactory and sufficient either in agriculture, or in that 
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department of engineering useful to the cultivator, which docs not refer to geological 
structure, and. which docs not fairly estimate the facts now clearly determined con- 
cerning the earth’s ancient and recent history. ^ 

ENOINEERINO GEOLOQT. — DRAINAGE. 

Not only in questions of drainage on a large scale, but wherever it is required to 
reclaim lan^ or construct public works; whether it be the question to lay out extensive 
operations of well-sinking, or contriye the best mode of impounding water for the uso 
of towns ; whether the selection of lines of railroad, or other roads where deep cuttings, 
tunnels, and heavy embankments be the object in view ; or whether it be the construc- 
tion of docks and harbours, the selection of sites for new towns in the colonies, or any 
of the numerous other engineering operations, where the structure of the cfiih influences 
the operations and works to be performed, — ^in all such instances a sound knowledge of 
Geology is necessary. In cases where largo masses of stone-work are to bo put upon 
the ground, and massive public buildings erected, distinct information of a similcur kind 
is needed by the architect, who has occasionally also to decide on engineering questions, 
and on the selection of material. The application of geological information to engi- 
neering is thus capable of being grouped under various heads, which may be thus 
enumerated— (1), drainage; (2), water supply; (8), rndtcrial for construction and 
decoration. We proceed, then, to— 

llinliuiga of Land.-'The ortiflcial drainage, and ultimate reclaiming of large 
tracts of rich land hitherto subject to destructive inundation, or permanently under 
water, is one of the most important matters on which engineering skill con be exercised. 
Attempts of this kind have fr^ucntly succeeded, and the advantage in such case is 
enormously great. They have sometimeB failed, and the loss is correspondingly 
ruinous. 

It is chiefly in countries where land is very valuable, or where the position of the 
land supposed to be reclaimablo is of great political advantage, that such operations can 
be properly attempted A lai;ge part of Holland, and tho extensive fen lands of Lin- 
colnshire, Cambridgeshire, and adjacent counties in the cost of England, afford admi- 
rable illustrations of the two most remarkable conditions of successful drainage of this 
kind. The drainage of bogs,* in the interior of a country, is a somewhat different 
process; and the drainage of uplands generally, for ordinary agricultural purposes, on a 
small scale, requires only tho application of a small amount of geology and a little 
surveying knowledge of the commonest kind. 

The fen lands of Holland are derived from the delta or mud accumulations at tho 
mouth of the Ehine, and are therefore not at aU above the level of high water in tho 
adjacent ocean. The fens of Lmcolnshire, on tho other hand, though often subject to in- 
imdation, are really above high-water mark. In the former case, therefore, the water has 
to be lifted off the surface into dykes constructed for that purpose, after ortiflcial 
barriers have been constructed to prevent the incursion of the sea, and the drainage 
can only pass into the ocean at low tide ; but in the latter the fall is sufficient 
to allow the water to run off continuously after such banders have been placed. 
The construction of the barriers and dykes, and tho mode of lifting tho water, 
and conducting it to outfall, are all objects of engineering enterprise in 
Holland and in England; IHlaith ua tho chief object in view is that of providing a dear 
and direct path for the surpiusl^tGr to escape. The Dutch draining engineer has not 
to trouble himself with the stmeturc of the underlying rock, since tho only material 
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with which he can have to deal is the river mud, generally of great thickness, and of 
uniform character. The English engineer has to consider how and where he can safely 
cut or construct his artificial channels, to discharge the rivers, and empty lakes, in a 
district where the rocks ti^bo dealt with are both varied in their character, and different 
in mechanical position. • 

The existence of the fens of Lincolnshire is duo to the fact that two large deposits 
of tough impermeable clay, of the oolitic period, there overlap without any inter- 
mediate draining stratum. These beds have a regular, though very small faU towards 
the sea; and vdthout some check to the entrance of the water, they would be subject 
to injury f]X)m occasional high tides. They arc traversed by numerous streams, bringing 
down water firom the higher ground in the interior ; and parts of their surface where 
depressions exist arc covered with large ponds or lakes oMresh water. The dip of all 
the beds bcin|^ seaward, no natural barrier exists cither on or near tho coast tending to 
keep back the water fiowing towards the sea, or check tho advance of the sea during 
tides of unusual height. 

It is not difficult to explain the process by which a low fiat coast, like that which 
our fen lands originally presented to the sea, has in time become so much covered with 
water as to be quite valueless without artificial drainage, although there originally 
existed a natural fall sufficient to carry off the water. If wo assume the condition of 
tho land, at some distant pbriod, to have been dry and covered with fore^, being then 
naturally drained by streams running directly, and without interruption, to the ocean, 
it is easy to see that an accident, which should divert the course of a stream fix>m its 
original line, or any obstacle that kept back part of the water in a pond or lake, must, 
by checking the rate of progress of the water, produce an accumulation of mud, either 
in the river or at the sea coast. Even under the most fi^ourable circumstances, a bar or 
bank of mud must always 1)0 formed when a river after running over a clay soil, with a 
moderate current, comes directly in contact with the tidal wave. This check to tho course 
of the water obliges it to deposit a part of its load of mud, both because the sea-water 
is heavier, and because its momentum is greater. The fresh water partly fioats over 
the salt, but its motion being interrupted, tho mud soon begins to be deposited. In 
any way it must appear that the first check given to the direct course of the stream — 
tho first bend or sinuosity produced, — ^inevitably tends to make a second curve, and so 
on, until the stream, originiffiy straight, becomes serpentine. But if a stream has to go 
a certain distance to the sea through fiat lands, its rate of motion is manifestly affected 
by this ; and if the original rate has been slow, tho volume of water not considerable, 
and tho distance tho water has to travel should in time becoAe doubled by the more 
sinuous course it is made to follow, the rate of motion must bo nearly halved, and the 
power the stream has to convey mud and silt is then proportionally dimini^cd. Thus 
everything tends to increase the evil; and it can only be corrected by cutting a fresh 
and direct outlet for the water, and entirely checking that tendency to wind in sinuous 
curves so common in all streams meandering over flat elay. This done, the outlet kept 
clear, and the embankment towards the sea in good condition, a fen district above high- 
water mark becomes effectually and permanently drained. 

The process of warping^ or admitting muddy water, or water loaded with silt, to 
enter low flats at flood or high tides, there to remain until it has deposited its mud, 
and afterwards allowing it to run off dear when the tides are low, is an important 
means of raising the general level of large, low tracts near the sea, until they approadi 
the highest level of high water, and become permanently reclaimed. This is often con- 
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nectod with largo draining operations. Tho removal of water, where it is accumulated 
on mountain tracts under vegetation, as is the case in many parts of Ireland and 
dsewhere, may often be effected by very simple means, when the nature of the 
underlying rock is known. Hiis process is analogous to that of draining fdr ordinary 
agricultidal purposes. 

THE GEOLOGY OP WATER SUPPLY. 

BMURution and Cizonlatlnn of Water —In an earlier part of this treatise, 
while speaking of the distribution of water on tho earth's surface, by means of the 
atmosj^ie, some account will he found of tile way in which a circulation of water is 
kept up, and the supply* of springs and rivers rendered permanent. A very brief 
recapitulation of these &cts%iay here be useful. 

The earth we have scon consists (see page S) of three forms of Aattop—aerial, 

' ffuid, and solid ; the agency of heat keeping all tho different substances in that one of 
these conditions which belongs to it at the particular temperature to which it may at 
any time happen to be exposed, but in a general way leaving water fluid, tile atmos- 
phere gaseous, ^ and the remainder solid. Air, however, as well as earth and water, is 
cafpable of retaining, in a state of suspension or solution some quantity of most of the 
fluid, and dven solid substances with which we arc acquainted, and generally contains 
<m sen average, in its usual state, nearly four grains of water in each cubic foot, which 
is equi^'alent to about ono pint in a room fifteen feet square and eight feet high. Thus 
it results, hyR. simple calculation, that the column of atmosphere over each acre of the 
oazth’s.surf^e contains about a quarter of a million of gallons of water in what may 
be regarded as its normal condition, and without feeling damp, or tending to be deposited 
in mist or rain. 

But the quantity present in parts of the column, csp^ially those nearest the 
earth, is capable of being very greatly increased under ' favourable circumstances. Thus 
in summer, at a temperature of 70'’, more than eight grains in the cubic foot, or double 
this amount, can be held, while in winter the quantity is much loss than four ; so 
that, if we assume a limited thickness of the atmosphere, we shall find that each 
yard of height of the column already alluded to, whose base is one aero, may, under 
this altered, state of af^irs, contain no less than sixteen gallons of water ; and that, 
by change of temperature and other causes, this power of retention is capable of rapid 
reduction to tho normal quantity of four gallons. The large amount of twelve gallons 
of water may thus bo actually discharged from such a space of air in a short time ; and 
this calculation gives ^an approximate measure of tho water-contents of that part 
of the air occupied' by clouds, which ore well known to he accumulations of vapour 
originally dissolved in transparent air, but made visible by changes in the atmospheric 
condition. An aero of ploud, five hundred yards thick, may discharge any quantity up 
to fids- ihoiiaand gallons of water, provided tho condition of tho air, in regard to 
temperature, vary from 70® to 40®. The actual quantity that falls will depend partly on 
the rapidity and extent of change, and partly on electrical conditions. 

Thus if a rain-cloud, five hundred yards thick, move over the land on a hot summer's 
day at the rate of three ndles an hour, and deposit one twenty-fifth part of its available 
^ water, there will occur a^shower of rain, and the amount of rain falling will be marked 
' by the rain*gauge av one' inch. This corresponds to about twenty thousand gallons of 
[ water on cai^ aero of ground over which tho shower has fallen at the assumed rate. 

I Such shower would' be unusnidliyheavy' ; but even a larger fidl often oocutb iii summer. 
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The total rain-fall in one year, in the neighbourhood of London, is only about twenty- 
fire times this amount. 

The reader will unden^tand that such a statement is to be taken only as approzi- 
matiye ; but it is sufficiently accurate to serve as an illustration.* , 

The mean, rain-fall in all England, taken one year with another, is considered to bo 
on the whole about thirty inches ; but the average on the plains is twenty-four and 
a-half, and on the mountains forty and a-half inches. .The average fall during the spring 
and summer months on the plains is ten and a-hal^ on the moimtains eighteen and 
a-half inches ; and during the winter and autumn months, on the plains, fourteen-^ 
on the mountains, twenty-two inches. 

The total amount that sometimes falls in one year is ^^en far above or bdow the 
average in pa|ticular spots. Thus, at Scathwaitc, in the Westmoreland lake district, 
nearly one hundred and sixty-one inches are recorded — ^this being equal to the largest 
average in the tropics. 

The actual amount of water that falls over the whole earth in the course of one 
year is cal&ulatcd to be equivalent to one yard in depth, if retained onjdie surface of 
the land. 

Of this largo quantity of water that may be regarded as in circulation,’' it is 
supposed that about one-sixth part runs off in rivers, and that one part sinks into the 
soil ; while the rest is immediately re-evaporated before it has produced any e£^t. 
The supply for various economic puiposes may be obtained cither from lifers directly ; 
from natural springs rising at the surface; from water impounded from springs 
obtained by artificial sinkings and borings, but in which the water rises to and fiows 
over the surface ; or from deep wells into which water fiows, but from which it must 
bo pumped. 

It has been usual to obtain water for the use of towns cither from rivers or springs 
— ^the water being sometimes conveyed from a considerable distance by aqueducts or 
pipes. More recently it has been thought advisable to collect and store water in large 
reservoirs, whence it is conveyed to the required spot. Some of the largest manu- 
facturing towns in England have of late years resorted to this as the best plan. 
Manchester, with a population of 400,000, is supplied, from a distance of sixteen 
miles, by a reservoir about eighteen thousand acres 4n extent ; Ecwcastle-on-l^e 
(population 120,000) by about four thousand acres, twelve miles off; Bolton (60,000) 
by five hundred acres, four miles distant ; and arrangements are being made to supply 
the 400,000 inhabitants of Liverpool by reservoirs occupying ten thousand four hundred 
acres, at a distance of tvrenty-siz miles from the town. In all these cases the water is 
pure, and con be supplied with great advantage in sufficient quantities. The rain is 
collected over a certain area by intercepting all the streams that would otherwise 
convey it away to a lower level ; but to do this effectually,- it is absolutely necessary 
that rile rock beneath tho reservoir should retain tho water, and not contain any 
injurious minerals. To determine this, not merely a surface survey is necessary, but 
a geological siuvey to Icam the nature of the beds, their dip, and th(' outlet, if any, of 
such as ore permeable, and also (most of all) the presence or absence of faults which. 

* It should be remarked that, to render this illustration less complicated, it is assumed^ihat 
whole column would be of equal density. This is hot the case in nature, in consequence of the elas- 
ticity of air and the portion of the column equivalent to a yard in thickness near the earth’s surfoee 
would be many times that thickness if taken at a considerable elevation. Still, the general argument 
and tho conclusions remain the some. 
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immediately, or ultimately, drain off the water intended to be stored. On the 
other hand, advantage ean sometimes be taken of natural springs to act as feeders to 
tho supply. 

The oases where very lai'gc quantities of water issue from the ground at one spot, 
and arc td be depended on as a permanent source of supply, may be siipposed to be rare. 
There arc, however, very rcmarkablo instances recorded. Thus, at Yaucluse, there is 
a spring of water yielding from thirteen to forty thousand cubic feet (eighty thousand 
to a quarter of a million gallons) per minute, varying according to the season. This 
quantity is sufficiently large to supply a population doublo that of London. ^Vnothcr 
fountain, also in the south of Franco (near the town of Nismes), yields as a minimum 
one hundred and fifty gallons per minute, the quantity occasionally increasing to one 
thousand gallons. ^ 

Rut water is far more frequently obtained from springs reached by boring into tho 
earth to some depth, either to a natural reservoir formed in a crevice or cavity in 
the strata, or else to some particular rock that allows water to permeate freely through 
it, and is fed from the surface, or from a distant source. It is well known, and 
easily proved, "that all rocks contain water ; but that, while some suck up a quantity 
which may bo very considerable, and retain it like a sponge by capillary attraction, 
others merely receive it mechanically, and soon part with tho greater proportion. As 
the best examples of these two extreme conditions, may be mentioned chalk and sand 
respectively. A cubic yard of thoroughly wet chalk contains, in addition to the (quan- 
tity of dry chalk that occupies that space, one third of its bulk, or nine cubic feet of 
water, equivalent to upwards of fifty gallons. No part of this largo quantity would 
leave the chalk by simple drainage ; so tliat a well sunk in chalk, however wet the 
rock may he, would contain no water if the chalk w'crc perfectly compact. Tliis, 
indeed, is never tho case ; and there arc alwa3's a vast number of small crevices, and 
occasionally some very large ones, through which tho water flows with freedom enough, 
and soon clears for itself a passage. Thus a well in chalk often yields water, though 
the chalk docs not become less soaked in consequence. 

Sand, on the other band, contains w'ater also in largo quantity, but under very 
different conditions. Pure sea sand will contain, in a cubic yard, about the same 
quantity of water as the same v(^ume of chalk, but w'ould port with almost all of its 
contents into a well sunk into it, and regularly pumped from. This is easily observed, 
and may be proved by experiment. Tho various kinds of sandstone, more or less pure, 
wiU necessarily contain and part with water in very different proportions. Sandstones 
moderately loose in texture, such as the new red sandstone in its ordinary state, hold 
from four to five pints of water in the cubic foot, and will part with a large proportion 
of it, Bocks of this kind arc, however, much cracked, and often have hard impermeable 
bands cutting off the eommimication between the different ports of the same rock. Tho 
crevices ,in the sandstone are not always, indeed, impermeable ; and thus it happens 
that ‘in somo places water is freely conducted, and in others almost checked in its 
progress through this rock; and it is difficult to determino beforehand what the 
particular result in a given locality will be. Under the most favourable eircumstonces, 
however, it may bo considered that sandstone will yield to hard pumping a million of 
gallons daily from a deep well. 

It is, however, well known by observation, and is a matter of no little importaoce 
lb engineers, that, whether in sand or chalk, a well sunk and kept constantly drained 
(technically called a well of exhaustion) must necessarily drain the surroimding rock 
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to some distance, if only froxn tlic amount of Motion that inevitably takes place wken 
water flows from one part of a rock to another. Thus there is foimcd, aroundsuch a 
well of exhaustion, a conical spaco ; the vertex Of the cone being the bottom of the wdl, 
and the base at the surface embracing an area proportioned to the nature of the rock 
and the depth of the sinking. 

Artesian Wells^The cause of success in what ore called ‘‘Artesian wells” 
is easily explained by a reference to the position of strata. Thus, in tho neighbour- 
hood of London, the chalk is present on each side of the valley* of the Thames, and is 
known to pass under the clays and sands which form the actual strata at the suifacc, 
and extend to a considerable depth. These clays and sands arc thus in a kind of chalk 
trough, and there arc generally sands between the cla]u^nd the chalk. The clays, it 
is hardly necessary to say, arc absolutely retentive, neither allowing water to be 
obtained from them nor to pass through ^em. They act as a barrier ; and if water 
comes in beneath them, conveyed through the sands, it remains there under pressure, and 
unable to get out. In such ease, if a well is sunk, or a boring made through the clay 
to tho sands, or if necessary into the chalk, water will not only be reached, but wiU, 
in finding its level, rise in the well sometimes to the surface, and sometimes even above 
it, though often only a part of the way. 

Slioidd it happen, as is^ot uncommonly tho cose, that no such trough exists, but 
that some of tho beds ore permeable and others impeimeablc, but all parallel to each 
other and going down to considcmblo depths, the former may become soaked or tiled 
with water up to or very near tho surface ; and then, also, if these are pierced at a 
distant point by a well sunk through tho clays or stone, tho water will rise, obeying 
the same law. If there bo faults in any part, it may happen that these being open 
may carry tho water away; but they may also be closed below, and allow the water 
either to accumulate or to bo delivered in a natural spring. So, also, it is not 
uncommon to see springs of water issue ftom a hill side, where permeable beds are 
suddenly cut off. 

Zntemiittesit Springs. — In some parts of the country there has been observed 
a peculiar condition of the springs, which requires some explanation. Tho water of 
these springs flows, perhaps, regularly and steadily for a certain time, without any 
apparent reference to the state of the weather. At length the flow ceases ; the season, 
perhaps, is unusually wet, but still no more water is seen, and the source is nearly or 
altogether dried up. After an idterval— it may be of some months, or even years— tho 
water begins once more to flow in a powerful stream ; and this time, also, it may 
appear to be without reference to the season or tho rain falls of the preceding or 
present year. These phenomena ore repeated at intervals, more or less irregular ; and 
such streams ore properly called intermiitmt. Nothing can really be more simple than 
the cause of this. A large cavity in the interior (generally , in limestone rock) serves 
os a reservoir, and is communicated with from above by crevices, through which the 
surface water drains. Another crevice or passage exists, taking its rise near or at the 
bottom of the reservoir, and leading to tho place at which tho spring flows, which may 
bo at a distance of many miles from the chief sources of supply. This passage, how- 
ever, is irregular, and instead of running directly, rises, in seme parts of its course, 
nearly to the level of tho top of the rcservqir. Until the rescrvo'ir, then, is full, 'no 
stream will run out ; but when the water rises so high as to be above the highest 
point of the passage it runs over; and, provided the delivery point is below the bottom 
of the reservoir, oil tho water will then be drained ftom it, because tho passage in 



202 ^ 


RELATIVE PURITY OF VTATEll. 


question acts as a' siphon^ a contrivance often made use of, and wliich iinll'bo described 
and fully explained in the volume on “ Natural Philosophy.’* 

WMmt Supply for Towns.— It is desirable hero to say a four Tvords on this 
subject, as involving some important considerations in which geological investigalaons 
are extremely useful. It is clear that the sources of supply must depend much on 
local circumstances. Wliere the population of a town is not extremely large, and 
tlie rocks yield water freely from wells of moderate depth, this source is extremely 
valuablej and may be sufficient. AVliero, however, the population is great and rapidly 
increasing, and where water is- needed fbr manufactures, steam-engines, and idiipping, 
as well as for drinking and household purposes, there will arise a necessity for some 
more certain and rca^ means% Bivers, if sufficiently large and rapid to secure both 
quantity and quality, and storage in reservoirs at a distance if the river supply is for 
any reason unavailable, form the natural means that* suggest themselves. 

Absolutely piuc water is not to be obtained in nature ; and fortunately ifis not 
essential— -perhaps not desirable— ifor the ordinary uses of animal and vegetable lift*. 
In ordinary cases, rain-water contains ammonia, and in or near towns is alwdjrs tainted 
with various impurities, introduced into the atmosphere where large numbers of human 
beings and animals are collected together, and especially where household fires, and 
manufactories of various kinds involve the combustion of very large quantities of 
mineral fuel. Spring water contains numerous mineral substances, chiefly salts and 
gases, obtained from the rocks passed through ; and as water is an almost universal 
solvent, the variety of these is very great. In ordinary cases, the salts of limo and 
soda arc chiefly abundant ; but salts of potash and magnesia are also common. The 
salts include chlorides, carbonates, sulphates, and phosphates. Iron, silica, and very 
small quantities of organic matter arc occasionally found. 

Biver- water contains, in addition to the various substances obtained from springs, 
and from the rocks over which the stream passes, a quantity of organic matter, both 
of animal and yogctahle origin, which in the neighbourhood of large towns usually 
includes much sewage matter. 

It might he supposed, and has often been stated, that where this deposit is constantly 
stirred up by the periodical passage of the tidal wave, the water cannot be in any other 
than an unwholesome state, aiffi unfit for general use. Tlicro are, howeverj causes 
at work tending* to purify the water by simple exposure. The decomposing animal 
and vegetable matter is rapidly removed from a mischievous condition, partly by aera- 
tion, and partly hy those myriads of animalcules which arc often spoken of as among 
the impurities, hut which really collect the offensive particles and re-introduce tiiem 
into tho rorinrs of life. Biver water is freed from its imparities, even of the worst 
kind, in a wonderfully brief space of time, and, with the aid of a little filtration, is 
admirably adapted to hoifschold use. 

The purest water is that which is found in mountainous or hilly districts, where there 
is abundant rain-ftill and a surface of hard rock ; hut it is remarkable, that among 
wells those sunk deepest generally contain less solid, matter than those moderately 
shallow. The quantity varies from ten to about seventy-five grains in each imperial 
gallon in deep wells ; but roaches to one hundred or even one hundred and twenty 
grains in some near Ike surface. 

Genexal Oonsidexatioiis- — It must he unnecessary to add' much as to tho great 
general interest and practical importance of this subject of water supply: 

Its bearing on the general health of the vast metropolis of the British empire isr 
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now more than ever rooDgnised ; and the necessity o£ providings in some way, for the 
increasing wants of the population, is daily more send more Mt. Methods have been 
suggested of almost all kinds by which the existing wantmight be supplied ; but it is 
; a subject of regret to find that, for the most part, these are incomplete, either owing, to 
I intentionBl neglect of existing valuable and important icsources, or from a*false csti- 
I mate of other resources. It is, no doubt, easier and more effective, in discussing 
> such subjects, to take up one side and press the advantages of some one method ; but 
; this way of considering a great public question ought not to bo adopted by those who 
; aim at ^e general benefit of mankind. It has been the object here to introduce the 
subject of water supply as connected with the use and progress of geology. Viewed in 
this light it may be remarked that the essential dcsidointum in London is a uniform 
and constant supply of water, tolerably pure, amply su^iont in quantity, supplied to 
i every house, and sold at a small cost to each housekeeper. Wo do not want, nor 
perhaps could wc accomplish, any com; lete rcyersal of the present modes of obtaining 
water ; for these have really been so far successM as to give us, even at present, a 
larger and better supply than is possessed by any other city in the world. While, 
therefore, wo desire to improve our condition, wo should be very unjustifiable to turn 
round and repudiate those w'ho have brought us thus for; and it would be much-wiser 
and safer to show the cxis^ng proprietors of water-companies that their true interest 
lies in enlarging their present resources, and increasing the circulation of that fluid 
which is as essential to the health of a great city as the blood is to that of any individual. 

In concluding this subject it is not out of place to direct attention to the interesting 
and beautiful illustration it affords of the mode in which the various conditions of our 
earth assist each other, and help to render the whole so perfect, and so well adapted as 
we find it for the support of animal and vegetable Iffe. By a succession of con- 
trivances, not difiicult to follow, we see that a portion of the water, which at one time 
forms part of the great ocean, whero it holds certain salts in solution, is distilled 
and absorbed into the atmosphere, in a pure state, by the passage of a current of diy 
air over' it. The pure water thus dissolved in the atmosphere is carried along with the 
air to great distances, reaching at length the land, and there, owing to some changes, 
it aj^pcors in a visible form, and is still conveyed onwards in the form of c/oud. In tliis 
manner the watery vapour floats over extensive districti, or remains suspended in mid 
air, until at length it can no longer be supported, when the particles of vapour collect 
into drops, and sink to the earth as rain. 

Of the rain thus fallen a large proportion is deposited on some sloping ground, or on 
mountain sides, to which clouds me readily att^cted, and thence descends in brooks 
and rivulets to join larger streams ; those soon become rivers, and thus a portion of the 
water again passes directly back into the ocean. Another part descends into the soil, 
and becomes at once combined in vegetable or animal organization, not rc-appearing 
to us in the form of water. But there is a third portion, which has other duties to 
perform. A considerable quantity of the rain that falls sinks gradually into the cartli, 
and, owing to tho peculiar arrangement of tho rocks, and stones, and clays, it is 
reoeived into the permeable strata and internal reservoirs of tho earth, as into a weU- 
contrived magazine, and 'is there retained for a time, until at length it is given out 
cither gradually in gentle stroama which help to fertilise the earth, or poured forth to 
supidy the wants of man, who, by the exorcise of his ingenuity, is able to derive profit 
from the admirable resources of naturo, by imitating' her methods, and adapting, them 
to his ptuposcs. 
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Tho internal structure of the earth is thus made ayailablo in supplying a substance 
absolutely necessary to organic existence, and hardly otherwise obtainable. It requires 
very litdo consideration to perceive how essential is the actual arrangement of tho 
mineral ingredients of tho earth to tho fertility of continents, since by its means only 
a part of tho rain that falls so abundantly on the flanks of mountain chains sinks down 
beneath the surface and re-appears in the plains. 

AKCHITECTU&An ^gEOLOGY. 

Nature of Materials. — These include a large number of natural substances, 
which, from their hardness and tenacity, can be used for purposes of construction 
without any further preparation than cutting them into convenient forms. 

Of stones, properly so efted, capable of being adopted for construction, there 
arc two classes, one including all those commonly used in squared blocks and in the 
solid, often existing in large quantity, and obtainable at moderate cost, but having no 
very special tendency to split or work in any particular direction ; and the other, 
such minerals as are chiefly employed for roofing and paving, 3 rhich sp^t readily 
into very thin portions, as slates, or arc capable of being worked into thicker slabs and 
flag-stones, having parallel faces. 

The building stones that are best adapted for general use in any particular district 
are naturally those that combine the greatest amount of durability with moderate cost ; 
and as the cost of transport to any distance must be a serious item in the expense, the 
nearest will bo, cacteria paribus^ the best. But tho durability, and therefore tho ulti- 
mate economy on a large scale, is by no means easy to determine without careful and 
minute investigation or long experience ; and thus a number of inquiries are necessary 
in reference to those materials which, being tho nearest at hand, would first be sug- 
gested for use. Questions concerning building material include a lai'ge number of 
geological considerations both as to the nature of the stone, the mode in wliich it lies 
in the bed, the probable result of the exposure to which it will be subject, and the 
probability or otherwise of sufficiently large quantites being obtainable to justify the 
opening of a quarry. 

Valuable qualities of Building Stones. — ^Tho ordinary building stones are 
cither freestone or granites ; thq former being usually bedded, and their value dcpcSid- 
ing a good deal on the conditions in which they arc presented for use. The latter are 
not usually bedded, but are naturally broken into tolerably regular forms by joints. 
Joints also exist in stratified rocks, and greatly assist tho quarryman. The points to 
which attention should chiefly be directed are : — (1.) with regard to position and quan- 
tity— that the stone be well and conveniently plocccl ; abundant ; and accessible both 
for quarrying and removal. (2.) As to the nature of the material : — ^that it be neither 
too hard nor unnecessarily heavy ; workable at moderate cost ; able to bear a heavy 
superincumbent weight without crushing ; and sufficiently durable under tho exposure 
to which it is liable. These arc matters independent of geological age, but on which 
many results of geological inquiry throw great light. 

^c methods of investigation, usually adopted with regard to stones submitted for 
inquiry, arc not vary numerous or complicated, and may be here briefly referred to. It 
must be remembered that tho climatal and atmospheric changes to which stones are to 
be exposed, introduce by far the most numerous and important causes of disintegration 
and decomposition ; and also that, without some actual experience on the spot, the 
exact effect of atmospheric action can hardly be discovered. The material, composition. 
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and texture of a stone, will, howoyer, greatly influence the nature and extent of alldestruc- 
tive changes to which it can bo exposed. ‘When, then, a stone is submitted for trial, 
the first things to be determined are its mineral character and chemical ampoeition^ so &r 
at least as to determine what ore its chief ingredients, and whether it contains any that 
aro unusually subject jto decomposition. As an example of the importance of this, it 
may bo enough to mention, that sandstones, limestones, and granites behave in a manner 
totally different under exactly similar ^csposuro; and that the presence even of an 
extremely small per centage of some of^tiie alkalies in the two latter is injurious in 
the higheate^gree, although other alkaline bases seem to have little effect. Having 
determincdn^c nature of the stone, its hardneee (both in the quarry and after exposure), 
and its britUeneea^ two very.differcnt things, should next made out in relation to some 
admitted standard. The best standard will generally be the cost of working. The weight 
is a quality also important, and more easily determinable, and is usually estimated by 
stating the average weight per cube foot ; but it may also be taken more accurately 
from the ^ccific gravity. As, however, it is difficult to get a. precisely average sample 
of small size, the former is the more practical as well as the easier method.* 

The cohesive power must next bo settled; for on this point much of the use of the 
stone for largo buildings depends. It is best ascertained by submitting small cubes of 
the average quality of miftcrial to slow pressure under a Bramah’s press, until the 
stone first cracks and afterwards crushes. The number pounds* pressure on the 
square inch of surface that produces this effect will give some measure of the cohesive 
power ; but in practice it will never be possible to get all the stones equal to the average, 
and therefore very great allowance must bo made for weak, bad, and cracked blocks. 
Still the information to be obtained by experiment is of value, and may be trusted in 
comparing different qualities of material for special purposes. It must be borne in 
mind, in this as in other matters, that the strength of a construction or material is the 
strength of its weakest part. 

Bnurd’a BKetliod*— The absorbent power of a stone, or the quantity of water 
absorbed on exposure of the surface to water, may be determined cither with or 
without the use of the air-pump. On this absorption in some stones, almost the 
whole weathering depends, while in the case of others it is but an indifferent guide. 
In order to determine the real extent of damage resulting from absorption, an ingenious 
method was contrived by a French engineer (Monsieur Brard), which ]ias since been 
frequently employed in Ibis country. The method is based on the idea that the expan- 
sion produced during the offlorescont crystallization of certain soluble salts on the 
evaporation of water from a saturated solution of such salts absorbed by the stone, will 
resemblo in its effects the expansion of the rain water absorbed when the material is 
subjected to those changes of temperaturo near the freezing point, to which much of 
tho destruction of building material in our climate is generally owing. To detcimino 
the durability of a stone, ^erefore, a block is taken of convenient size (two-inch cubes 
are tho most convenient), and boiled for half an hour in a saturated solution of Glauber’s 
s.alts (sulphato of soda), consisting of about a pound of salt to a quart of water. When 
taken out, tho block is suspended by a thread over the vessel in which it was boiled, 
and within twenty-fours will be found covered with crystals. As soon as this is tho 
case, it is dipped in the same water in which it was boiled, and the dipping must be 

• It is sometimes tbou^bt advisable to compare the speciflo gravity of the unbroken stone with 
that of the crushed fragments. The difference is sometimes considerable, and marks the compact or 
loose state of aggregation of the material. 
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repeated at intervals as often as the crystals appear during a period of four days. By 
eadi dipping the portions of stone forced out by the crystallization will bo left. in the 
liquid ; and at the conclusion of the experiment, all the fragments of stone at the 
bottom of* the water are collected and carefully weighed. It is considered that in the 
time mentioned (four days), the stone will have been so mueh disintegrated at and near 
the surfSuie, by forcing out and washiuf^away of porticles in consequence of the 
successive crystallizations of the salt, as lo^^^ble us to.form an idea as to its relative 
durabiLLty. In the cose of some limestones, the quantity of stone lost nM^||^unt to 
08 much as twenty grains, the original two-inch cube in its dry state 
from ten to twelve ounces. In other limestones the loss Jias not omot^pa to more 
than a tenth of a grain. Ttie latter would bo estimated to be ten tixqes hs durable 
os the former. In sandstones there is occasionally no result ; and. priH^bly no very 
groat dependence can be placed on the method, except in calcareous rocks, or at least 
in those which owe their compactness to a calcareous cement. 

The materials met with and commonly used in this country may be thus grouped: — 
(1) of various degrees of dneness ; (2) Imestonea consisting of carbonate of 

Ume more or less pure, or mixed carbonates of lime and magnesia, the latter being 
designated magnesian lunestones; and (3) granites and other crystalline rocks, including 
porphyries and basalts. 

Sandstonea. — The qpndstones or grits usually consist of grains of sand, or small 
pebbles, cemented together either by silica, the salts of lime and magnesia, oxide of 
iron, .day, or an admixture of two or more of these. When the pebbles are large, the 
stone is cdled a conglomerate, or pudding stone ; and when the cement is hard, and 
the pebbles entirely quartzy, the whole wearing into a rough surface, or when there 
arc cells or empty spaces also ensuring a rough surface, the variety useful for grind- 
ing, and becomes a grindetme or miUstonc, The finest of these latter are obtained ftom 
Yorkshire, France, and America, and have special uses ; but they arc different in no 
essential respect from the building-stones or flag-stones of which they fonn part. 
The beat hard sandstones, splitting freely, and not used as grindstones, are greatly 
valued for pavements, and will bo again alluded to when describing flags. 

The building materials of this kind used in England are numerous, and include 
some of great value. From tffe carboniferous rocks at Graigloith, near Edinburgh, is 
obtained one of the best and most durable stones known. Its colour is lightish gray ; 
its composition upwards of 98 per cent, silica, with 1 per cent, carbonate of lime, and 
a little carbon ; its cementing medium is silica ; its weight is moderate, amounting to 
145 lbs. per cube foot; the quantity obtainable is indefinitely large, and it can be got in 
blocks of any required length and breadth, up to ten feet tldck. It is worked in quar- 
ries, in which there are fifteen acres of stone laid bare, and fifteen more known to exist ; 
the total depth of stone proved in the quarries being 250 feet. It takes upwards of 
4000 lbs. on-tha^square inch to cradk, and nearly 8000 to crush a fair average samide ; 
and exposed to disintegration by Brard’s process, only threerfifths of a grain are lost. 
It has been greatly used in Edinburgh for aU kinds of buildings. In London it m 
valued for stops and landings, and was employed in the repairs eff Blackfriars Bridge. 
Its cost is moderate. ' k- 

Other valuable sandstones in England arc obtained from the millstone grit, also a 
part of the carboniferous series. Those quanijcrd at Lorhy Dale, near Matlock, in 
Derbyshire, and in various parts of the same county, and in Yorkshire, ore remarkably 
good, and much used. Samples of the first-named Iparlcy Dale) have been found to 



OOLITE LIMESTONES. 


207 

xesist pressure, under Bramah’s press, to a remarkable extent, not cracking until the ^ 
weight amounted to eleyen tons on the square inch, and only cru^ing at fifteen tons. 
The millstone and coal grits are particularly yahiable for grindstones and flags. 

Some good stone is obtained from the new red sandstone, both in E gglnr^^ and 
Scotland— 'especially the latter. The Storton quarries at Birkenhead, the Mansfield 
quarries in Nottinghami^e, and son^e dthers, yield a serviceable, cheap, and good- 
looking stone. In Scotland, that quijtfS^ upon Sir William Jardino’s property, in 
Duuifnea|l^» the celebrated Gozn-Gdclde^uir, is also of good and uniform texture, 
and of ^M|£lints. It has worn well where tried, and stands exposure to the at- 
mosphereSiihat part of Scotland. Spedlings Gastle, in ld08, and the present man- 
aion of Ja^Ebo Hall, in 1814, were built of it ; and the cl^isellcd margins of the pillars 
and Gomicos ^^e latter, are still as sharp as when firat carved. This stone con be 
fiiniished at a u^cratc rate, and in blocks of any size. 

£xc^nt, hard, durable sandstones arc obtained from the Wealden bods quarried 
at Tilgate, in Sussex ; and the Kentish rag is a material weU known, and remarkable 
for its duttbility under the worst exposure. This is from the beds of the lower green- 
sand. ^ 

UmMtones.— The limestones used as building material are chiefly from the 
carboniferous limestone aq^ oolites, though the older rocks come into local use, and the 
chalk has been employed in tlio interior of some of our cathedrals for decorative work. 
The carboniferous limestono is so far altered by metomoxphic action as to bear a 
polish and partake of the character of marble ; dhd is, therefore, more frequently mot 
with as an ornamental atone than for ordinary constructive purposes.' The oolites 
thus remain os the principal sources of building stone ; and being abundant, conveni- 
ently placed for carriage, easily worked, obtainable in large slabs of good colour, and 
generally durable, they are very widely employed throughout the middle and south 
of England, in all the principal towns, os well as in the metropolis. Qf the whole 
number, the Bath and Portland oolites arc the best known, and those which arc most 
widely employed ; but -several others enter largely into use. The Northamptondiirc 
oolites are better than those from Bath, and cheaper than the Portland stone ; while 
the Oxfordshire stones, and those from adjacent counties, although extremely conve- 
nient, and much used locally, arc of indifferent quality. The following arc from 
English quarries, sold in London Anaton stone ; Bath stone, from Farleigh and 
Goombe, Down, Box and Gorshom; and Portland stone, blocks, roach, Ac., fiom 
Waycraft, Westdifi^ and Bill quarries. Besides these, there arc the Ketton and Bamack 
stoxLcs, both admirable in tjgieir way; and Ancoster (Lincolnshire), greatly used in some 
of the fine churches of the east of England. These are all, to a certain extent, lami- 
nated, having been deposited in beds ; but they arc so far changed or mctamoxphic 
as to have assumed a peculiar character, fi:om which their name oolite is derived, from 
the Greek don, an egg, and /iMoa, a stone. They consist more or less completely of 
rounded particles, like the hard roe of a fish, mixed with shells and fiagments of shells, 
often mystalline. 

■ Bath stone varies a good deal in colour and quality ; it is, however, usually of a 
warm cream tint, often 'stE|iked. It is fine grained, and very soft in the bed ; but 
hardens when taken out of xna quarry. On exposure to the weather in London and 
dsowhcie in towns, it very rapi^y ij^^nros, in consequence of the facility with which it 
absorbs moisture and impurities exiaiing in the atmosphere. The composition on 
analysis diows about 94 J per cen,^. of carbonate of lime, with per cent, of carbonate 
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of magnesia, and no silica. It is capable of absorbing nearly ono-tbird of its bulk^f 
water (2} gallons to the cubic foot). It weighs about llGlbs. to tho cubic foot. . It 
disintegrates to the extent of ten grains by Braid’s process (as already described). 
It can be obtained in largo blocks to almost any extent, at a cost of not more than 
sixpence per foot, cube, at the quarry ; and in cohesiye has been ftnnd that 

good specimens bear a pressure of 1^2o01b3.^'bcfore they onK:, and do not break till 
they are subject to l,500lbs. on thef^square ineh. The advantages of Bath stono are 
numerous and manifest ; but the objections to "it are also serious. It iq>p^ai8 rarely 
to have been subject to exposure without suffering severely ; and in so^^ cases the 
whole substance is disintegrated. . V 

Portland offers a remarl^blo contrast to Bath stono in many respects, although 
both are oolitic limestones. The former is much whiter than the latter, much harder, 
and much stronger ; but it is also heavier and dearer. Its coloiur is white, grayish 
white, and whitish brown. It consists of 95 ‘2 per cent, carbonate of lime, and 1*2 per 
cent, carbonato of magnesia. It weighs 1451bs. to the eubic foot. It disintegrates only 
2*7 grains under Brard’s method ; cracks at 2,0001bs. ; and crushes at 4,0001bs. But its 
cost is very much greater than that of any kind of Bath stoffo ; although for slabs, 
steps, landings, and other puiposes where durability is important, it is often 
used. Of other stones, Kotton resembles Bath stono in cemposition ; but it weathers 
very much less. It is about intermediate in weight between Bath and Portland ; 
absorbs a good deal of water, and is^xtremcly remarkable fd^ its high cohesive power. 
Its disintegration is small. Bamackj with many resen^bmccs to Ketton, is far less 
durable, as determined by Brard’s process. It is moiff shelly in Us composition, but 
has stood well in numerous buildings. 

Those magnesian limestones which are valuable for buifdinff ^l^rposcs consist of 
nearly equa^jKuts of carbonate of lime and carbonate of magnesia^ iu state of perfect 
combination and of crystalline texture, Jho colour is peculiar and agreeable, being 
accompanjicd by a singular pearly lustn. The speeifie gravity is high, the best 
stonesMrmghing ,1501bs. to the cubie foot. The cohesive power is very great, speei- 
mens of the stono eracking at 5,000 crushing at 8,0001bs. to the square inch of 
surfiicc. The price in London is moderate, and the stones of this kind work easily and 
are extremely durable. They &re used for tho exterior of the palace at 'Westminster. 


Softer Iftones, and even chalk, ore , occasionally employed for internal work ; but 
these are too easily injured to bear any amount of atmospheric exposure in our 
climate. Besides the materials commonly adopted for internal work in public buildings 
there are impure marbles, both from the ooUtc and Wealdsn series of rocks, formerly 
a good deal a^ired for small columns in gothic architecture. Of this kind are the 
Purbeck and Petworth marbles, and the Forest marble. They easily injure on ex- 
posure, 4Uid in time lose their polished surface, owing to the inequalities that exist in 
their cbmpoai^. ^ 

limestones used in England are few,, but'^not unimportant. 
ThebbstilaiiM^ even-grained, cream-coloured oolitic stonOjifrom tho neigh- 

bourhood df iq Normandy, formerly much employed in t|io construction of many 
of our catfiedr^ These have always, and with rcasoi^^b^oyed a high reputation, 
and are considered the best material for internal use in the gothic buildings of tho 
presenbday. '^Thc ^|^airies oft AUemagne (near Caen) yield a very good quality of this 
Atonq.** ‘ 

Oxanlt(i^T&e granites used in building are obtained from Cornwall and Scot- 
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la!hd ; but others, of excellent quality, exist in Wales ; and even in Leiccstcrahirc, in 
the middle of England. Their udc is confined chiefiy to the more costly constructions, 
except in the immediate vicinity of the quarries, as the stone is far too hard to be 
easily bhisellcd into coRv^aient forms, even of the simpler kinds. For •mamcntal 
puiposcs,. and decorated, it is rarely that this material is largely 

employed. ^ 

Many of the granites are, hovrever, so remarkliible for dui*ability that they are used 
with great advantage for bridges, docks, piers, and public monuments. The large 
grained Cqroish varieties used in liondon Bridge; the fine polished columns from 
Peterhead, near Aberdeen, in the King’s Library, at the British Museum ; many other 
interesting and cxocUent specimens in England ; and thomoblc .monuments of antiquity 
preserved in Egypt or transported to the museums of Europe — ^all serve to prove the 
applicability of granite for certain ptirpbses. The porphyry vases of Sweden and 
Bussia, and other ornamental objects manufactured in this material, may be regarded 
^ os proofs of successful ingenuity rather than illustrations of the real uses of the stone. 

ICaxblea.— <Yarious kinds of stone may be included under this general head. True 
marble consists of cryltallino carbonate of lime, either almost pure, in which case the 
colour is white, or combined with oxide of iron and other impurities, communicating 
colour. Other substance# are alabaster (sulphate of lime), serpentine (silicate of 
lime and magnesia), malachite (carbonate of copper), fiuor spar, &c. 

Marble, properly so calk^ is sometimes c^tallizcd in a saccharoidol manner, 
having the fracture of loaf-su^, or foliated, and with a peculiarly even grain. Such 
kinds are used by the sculpltir, and are called statuary marbles. They are found in 
Greece (Parian m^blo), in Italy (Camira marble), and occasionally in other countries 
of Europe ; but fmaller quantities. They abound in some parts of India. The 
chief source of thd. present supply is fiom Carrara, in Tuscany. « , 

The coloured hiarblcs are far more common, and are infinitely varied in tint and 
in the mode of venation in which the coletir chiefiy appears. They are^fOsq very 
widely distributed in most countries where limestone occurs, in association jrith,. or 
near to, those rocks technically called igneops or metamorphic — in fact, wherever 
crystalline forces have been at work. Thus, in our own country, the marbles of Derby- 
shire (black, gray, red, &c.) and of Devonshire are welF known and belong to rocks of 
the older (Paloeozoic) period, chiefiy of the carboniferous series, and the ^ks imme- 
diately underlying ; the marbles of Ireland are not less beautiful and abundant, 
though less known. In Belgium', France (especially in the Pyrenees), Spain, Portugal, 
and many parts of Germany, in Turkey, Egypt, India, China, and other parts of the 
East, and in America, these decorative mineral substances are widely distributed; 
while Italy and Greece have been celebrated, from the earliest times, for the exquisite 
specimens of sofik naaterial they have lavi^ly supplied to their intelligent and inge- 
nious population^* The most celebrated and valuable of the oncient^.piarblcs are the 
rosso antico (red), nernantico (black), giallo antico (yellow), and verdu' 9qtica'^gi;pcn), 
The red and grefn are not equalled by any now in use ; but the .black hiarble qf 
Derbydiire and the Sienna |^ble8 rival the black and yellow kindd. T^ezb is also jji 
Derbyshire a small quahti^'jlf a very fine red marble. 

Alabaster is widely dmributed, though less so than marble. The best and 
most abundant supplies of the pure white varietieB are from Italyi whence, 9lso^ are 
obtained some kinds streaked s^d tii|j^ with brown, both much admired. Largp^|R|uiti- 
ties are found in Derbyshire, and m’^C^r parts of the middle of England; and the. 
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ncis^bouThood of Pans is also well supplied. Owing to its softness and texture, 
aUbaster is easily cut into any required form; but it does not harden by subsequent 
exposure, and can thus only be used where it is not subject to injury by atmospheric 
exposure. A singular lim^tonc, having a warm ycUow^tint and oonsiderablo trans- 
parency, *is found in Egypt, and is known as orientEd alabai^^. It is obtained mlargc 
blocks, and greatly valued. It was much used by the ancients, but has only recently 
become available to modem artistA' A large vaso of this ^material, remarkable for the 
elegance of its form and admirable finish, obtained a prize of the first dass at the 
Great Exhibition of 1851. 

Sezpentine.— -A material of rcznarkable beauty, capable of being made into orna- 
ments, and used for church ^d house fomiturc, &c., is obtained chiefly from the Lizard 
Point, in Cornwall. It is a silicate of limo and magnesia, coloured with iron and 
chrome, moderately hard, but casUy worked ; and when properly selected, ondomploycd 
for purposes for wMoh it is adapted, few marbles can equal it. A Florentine serpentine 
{ophite) is much used, but possesses little of the richness of tint of that from Cornwall. 
Ihe Irish Connemara marble is a variety of serpentine. 

MalacTiita, a rich ore of copper, when found in abundaUbe and in pieces of small 
size, is occasionally met with in large circular lumps of concentric stmeturo, wliich, when 
cut into veneers, and properly joined, forms one of the richest and most valuable sub- 
stances for decorative puiposes. It is almost entirely from Bussia, and chiefly from 
one mine in Siberia, that the malachite of commerce is obtained ; although of late 
years, very good lumps have been brought from the rich Burra-Burra mines, near 
Adelaide, in 'Western Australia. The delicate green colour, varied by bands of 
deeper tint, and the extreme beauty of the texture and fineness of grain, give to this 
material a character and appearance altogether peculiar; while the costliness of the 
substance enforces the limitation of its use, especially for doors, chimney-pieces, tables, 
Ac., to tyia'Whoso means enable them to exhibit it to advantage. No one who saw 
the goo^ of this kind sent to the Great Fixhibition of 1851, can forgot the almost 
barbaxio magnificence of the display ; and some idea may bo formed of the cost, when 
it is known that the value of the raw material is nearly one-fourth that of the same 
weight of pure silver, while a large loss of material, and great labour, is necessary to 
obtain the veneers, and so apply them that the pattern shall be pleasing and satisfiictory . 

Span are occasionally employed for the construction of ornamental vases and 
other objects of luxury. Fluor sj^ar, or Blue John (fluato of lime), is found in large 
pieces in Derbyshire, and is especially esteemed for this purpose. It is a beautiful 
material of rich blue colour, and great transparency. The colour is frequently modified 
by a partial burning. 

SUteif Slabs, and Flagstones.— Slates and riato slabs are Argillaceous rocks in a 
peculiar state of partial crystallization, possessed of the property of cleavage, or splitting 
in some one direction quite independently of the original bedding. Other slabs and flag- 
stones are usually silicious rock, combined with more or less argillaceous or calcareous 
matter, and splitting into tabular masses of various size and thickness in the original 
planes of bedding or stratification. The best slates are obtained from various parts of 
North Wales, near the coast ; from Delabole, Tintagel, and elsewhere on the north coast of 

.•'v . 

' See Jury Bepor|s; p. 589, et uq. The value of malothite, in a manufactured state, is about 
• -tlftoe guineas per pound avoirdupois, and the square foot super of flnldied veneered work oontolns 
aboAt two pounds and a half of flie mineral. 
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Cornwall ; from various ports of Gumborland ; and from tho west coast of Scotland, 
generally from quarries of great magnitude. Hie best date slabs are from Wales. 
The finest dabs and fiagstones (not argillaceous) are from Yorkshire and Caithness; 
but some of tho Portland stones (limestones) of the best quality aro p^ferred for 
internal use, os for steps pn^ landings. Excellent foreign dates are obtained in France, 
chiefly from near Anj^is, Ml^in Brittany; in Belgium from the Ardennes ; in western 
Germany from tho Dudiy'Of Nassau, and in the east of Europe from other places. 
Slates and slabs are also found in America. 

It is not usually the case to find dates and dabs in good condition near the surface, 
where long exposure to the weather has usually disintegrated, and oven destroyed the 
texture, and often, by partial hardening, obliterated or c^scured the flcavage. As it is, 
however, entirely from the superficial rock and its geological condition that a judgment 
must be formed, a certain amount of experience, combined with a knowledge of the 
material, enable the geologist to judge weU of tho chance of a valuable quarry. Uni. 
formity of texture and condition of the rock for considerable distances, tho nature and 
condition^f the cleavage, tlie direction of tho cleavage planes, the nature of tho small 
veins of other materihl pervading the slate (of which there arc always many), the 
presence or absence of iron p3rrito8, the direction and magnitude of the joints — ^theso 
arc the chief points concesning which careful investigation is necessary. But any or 
all of these are altogether insufficicxit to communicate a market value to a property 
unless the essential point of cheaji and ready conveyance to a large market can bo 
secured, and tho quarries are so situated that the waste can be disposed of, and the 
valuable port of tho slate laid bare without great expense. 

There are varieties of colour, of texture, and of hardness, which affect the value of 
slates. The common colours arc green and purple, both of which may bqgood. The 
hardness should be considerable, without interfering with the fissile Qhm^r of the 
material, and the grain should be fine. If largo slates or slabs can'^W (iut, this of 
course adds greatly to the value of the quarry. 

The slate quarries in various parts of England, Wales, and Scotland, afri^objects of 
great interest, if only in a picturesque point of view ; but they arc of a magnitude 
really important in an economic sense. Tho Selabole quarry, for example, in Cornwall, 
is opened for some hundred yards in length, and has if width of upwards of a hundred 
yards, and a depth nearly as considerable. The ^Allahulish quarries, in Scotland, are 
worked in three terraces facing the west, tho '^tal height of the workings being two 
hundred and sixteen feet. Tho annual produce of slates is from five to seven miUions 
of all sizes (ten thousand tons) ; and tho quantity of waste cannot be less than fifty 
millions of tons. 

But the great Fcnrhyn quarry, close to which are the Llanbcrris quarries, and others, 
aro fhr more remarkable and valuable ; in the Bangor quariy, in tho extreme west of 
Carnarvonshire, l^c band of slato (or vein, as it is locally called) is considered to 
run twenty miles, with a breadth of five hundred yards. Wlicro long exposed, the 
date is usually much harder than is convenient or profitable to work, and tho valleys 
yield the best and most profitable portions. Tho one quarry of Penryhn, belonging to Cd. 
Pennant, has been opened nearly a century, and is worked in twdvc galleries of horse- 
shoe form, one above anoth^ Each gallery is forty feet high, tho highest being five hun- 
dred feet above the lowest ; hut thfrmpermost slates are of i^erior quality. Upwaj^ds of 
three thousand men arc employed here, the doily make exceeds five hundred tons. 
The other quarries, though smaller and less profitable, are of great value and importance. 
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Flagatones.— Of the slabs and fla^s used for paying, cisterns, and various other 
purposes, those from Festiniog (North Wales) are remarkable for their largo size, even 
grain, and great beauty. Those from Valencia (west coast of Ireland) ore also extremely 
large, and^of excellent quality. 

The Yorkshire flags arc flne-grained laminated sandstones, from the millstone grit 
formation, cleaving into slabs of large size, whose thickness is from two or three, up to 
eig^it inches. They are remarkable for their extreme hardness and toughness. Of tlio 
bo^ yielding these flags, there ai*c no less than flfty well known, and these are worked 
in upwards of a hundred quarries around the towns of Leeds, Bradford, Wakcfleld, 
and Halifax. The Caithness flags ore from the much older beds of the old red sand- 
stone, and are dai'k coloured bituminous schists, slightly micaceous and calcareous. 
They, like the Yorkshire stones, are valuable from their great toughness and durability. 
They ai'c not obtained in slabs so large as those found in Yorkshire. 

The limestones of the carboniferous and even of the silurian period yiold some 
good flags; and a remarkable flssilc bed of the lovrer oolitic series is locally much used 
for slating, under the name of Stoncsfleld slate, and Colley Weston slate. Coarse, easily 
splitting limestones arc extensively quarried in Oxfordshire, Northamptonshire, and 
some adjacent counties, and are of some valuo Vhcre slates arc costly. 

nOAU-MAKING AND HOAD MATEHIAL. 

This department of engineering requires a knowledge pf geology and of the structure 
of the earth, not merely in the selection of fit material, but also in the original laying- 
out of the line to be adopted, whether for ordinary roads or for rails. In the former 
case, indeed, local circumstances have usually entered almost entirely into considera- 
tion, and except in the colonies, and in Indio, thero is little opportunity of exercising 
engineering skill in this department ; but in aU eases of now lines being constructed, 
especially where great works are required, the possession of geological skill is of the 
highest importance to the engineer as well as the contractor. This is more easily 
recognized hi the case of heavy cuttings through doubtful material than in any other 
way ; and we need only point to the slopes on the London and Brighton railway at 
New Cross, or of the London and North Western near the Euston Station, as illustra- 
tions of the influence of the London clay on the cost of portions of road at one time 
thought little likely to be troubles!^. The Box tunnel on the Great Western line, 
that near Eugby on the Nozth-l^eKi^, and some on the great lines in the manu- 
facturing districts of Lancashire and Yorkshire, aU afford examples of the same kind. 

The chief points in which a knowledge of geology is useful in road-making ore, 
first, in the selection of the line, which should have a naturally sound foundation of 
rock, well drained, and not liable to destruction irom mere exposure ; secondly, in the 
direction of the cuttings, which should have distinct reference to the dip of the strata, 
as well as with regard to the slopes, and the probable cost of such works ; and thirdly, in 
cases of tunnels, both as to the material to be cut through and the probable intersection 
of wet beds. Tlie first of these requires little more than a reference to the superficial 
deposits on the outcix^s of the beds, and will need little special information on the 
details of the science. The position of cuttings, as regards their slopes and drainage, 
and security from subsequent slips, is, however, more directly dependent on structure, 
and is more important. Thus it will bo found, that where the cutting is in the direction 
of the strike of the beds, there will be more tendency to slip on one side than on the 
other, except where the stratification is perfectly horizontal. The best direction for 
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a cutting is at right angles to the strike; but this is not always possible, and it is well 
to know that where the beds dip, and some that are permeable arc to be cut through, 
particular care should be taken to prevent the surface drainage from passing into o^ 
over the permeable bed ai its crop. This prevented, the beds may remain firm in their 
places ; but, otherwise, they will sooner or later slip, and become very troublesome. * 

The position of strata is often extremely important in determining the possibili^, 
not only of avoiding slips, but of tunnelling or sinking shafts without enormous expendi- 
ture. Thus, in some cases, the presence of hard igneous rock is determinable by 
surface phenomena well understood by geologists, though not immediately recognised 
without a knowledge of the earth's structure. The cost of largo operations of tunnelling 
is enormously affected by such occurrences. In tunnellii^ through wet strata, there 
arc also some cases where the position of the strata is such as to render the presence of 
largo quantities of water probable; and sometimes it happens that such water can be 
partially or entirely cut off by surface operations beforo the tunnelling is commenced. 
There havcjbcen many instances in which extensive tunnels have ruined the contractor 
for the want of a little application of geological knowledge. 

The material for roads will necessarily depend on local circumstances, although, 
W'horc there is a very rapid wear, it is hardly too much to say that the best materials 
will be the cheapest. The chief quality for a good road-stuff is hardness, combined 
-with toughness, and a texture sufficiently uneven to ensure a rough surface under wear. 
There are certain stones, such as Penmaenmawr, which arc exceedingly hard and of 
fine grain, and have a certain value in some cases; but as they necessarily w^ear 
smooth, they are ill adapted for cities exposed to alternations of wet and dry, cold and 
heat. Granites arc for this much superior, though loss durable ; as, owing to their 
composition, which includes two sets of crystals of different hardness (quartz and 
felspar), they always have a tendency to retain a rough surface, giving foot-hold for 
horses. Those basalts which do not readily decompose are perhaps equal, in value to 
granite. It may be said, in a general way, that all stones of uniform texture, composed 
of one ingredient, ore unfit for roads of the first class. Thus limestone of aU kinds is 
inadmissible on this ground, even if it were not too soft and too readily worn into 
dust an^ mud. Flints, w'hich from their hardness wqpld seem valuable, arc really 
unadvidablc for want of some cause of roughness^ ^will, however, bo easily imdcr- 
stood, that for country roads any hard material, not soon work up into mud 

or grind into dust, and that has the' advantage of requiring no expensive carriage, 
will be selected. It is well to remember, in such cases, that sanditonc is better than 
limesfonc, and hard limestone better than slate ; while basalts and granites arc cx- 
cecdigly good or exceedingly bad, according to the proportion of alkaline earths 
(especially soda) which they contain. 

BEICK Ain> FOBCELAIN CLAYS, CEMENTS, AND ABTIFICIAL STONE. 

There arc many materials used in construction that require previous preparation 
and moulding, and sometinics burning ; and are made to assume their intended form by 
some mechanical means distinct from cutting and squaring in the quarry and workshop. 
The most important of these, in respect to the extent of its usefulness, is, beyond all 
doubt, common brick day, and those varieties of clay which resist high heat. Mortar, 
and various cements, sometimes used to attach together other stones, but occasionally 
moulded and used as stone, next require consideration ; while the finer clays worked 
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tbe porccilaui nuuui&ctuier and potter, if inferior to these, aro so rather in the 
magnitude of the objects manufactured than in the value of the &biic. 

Biick CUy, of the better kind, consists of a tolerably pure silicate of alumina, 
combined 'with sand in various proportions, and free from lime and other alkaline 
ingredients, of which there ought not to ho more than two per cent. The rclatiyo 
percentages of silica and alumina do not seem extremely important ; and there is always 
a 'liable proportion of water present, which is also of little consequence. It is clear 
that for use, the clay must he tolerably firce from largo stones and coarse particles ; 
and, as the principal process of manufacture before burning 'consists in mixing the 
day with water and sand, or ashes, to a uniform consistency, anything tliat would 
interfere with this process is^lnjurious. 

A certain proportion of iron is commonly present; and this, when the brick is 
burnt, usually passes into the state of peroxide, and gives the brick a dark red colour. 
The annual consumption of bricks is very largo. In this country it amounts to twelve 
hundred millions, and the clays 01*0 obtained from various geological formations. 

Fixe Clays. — ^These owe their peculiar properties to the almost entire absence of 
alkaline earths, and of any such quantity of iron oxide that it could serve as a flux. 
Maify excellent clays of this kind arc found in the coal formation both in the British 
islands and abroad. The best arc those of Stourbridge (Worcestershire), some near 
Newcastlc-on-Tync, and some near Glasgow ; otlicrs of good quality are obtained in 
Belgium and France. The Stourbridge clay is found in a bed about four feet thick, 
and consists, according to an old analysis by Bcrthier, of 63*70 per cent, silica, 22*70 
alumina, and 2 oxide of iron, the rest being water.* One of the clays much approved 
of in Scotland contains 66*20 silica, 33*41 alumina, *32 lime, *13 magnesia, *49 iron 
oxide, and *46 of various phosphates. All the fire clays arc greatly improved by expo- 
sure to weather before use. In some cases this is continued for years. 

Poscelaln Clays arc of various kinds ; but tho best being derived from the decom- 
position of the fclspathic portion of gi-anitc, consist of nearly pure silicate of alumina 
(silica 60, alumina 40). Very largo quantities arc obtained in Cornwall and Devon- 
shire— nearly ten thousand tons of the finest, and about three times as much of the 
commoner kinds, being annually exported to our own potteries in the North Stafford- 
shire coal-fidd. 

The manufacture of porcclai%%nd pottery is an art that does not properly come 
under consideration in tho present treatise ; and it is only necessary to observe here 
that there are no faown sources of supply of the raw material of the better kind, 
czeept those which may bo traced to tho decomposition of granite. 

Gamentiri — ^These ore of various kinds^ extremely distinct, and having different 
bases. The one kind, depending for its peculiar properties on sulphate of lime, 
with which it is made, may bo conveniently designated a'A plasters ; the other, in which 
carbonate of lime is the essential combining substance, includes mortar and hydraulic 
limes, and for this tho name cement may be adopted. We may first consider the 
cements as being tho material of greatest importance in manufactures. 

The commonest of all cements used to attach bricks to each other is called mortar^ 

* Analyses of clays must necessarily be mere approximations, as tho quality of the elay 
dilRns much in dUferent samples, even when carefhlly prepared. It must also be remembered tha^ 
till very recently, the alkaline earths, and many other sub^nces, were not determinable by ordi- 
nary analysis, and frequently escaped notice. 
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and is prepared by first making q^tiekUme (which is done by calcining chalk or limestone 
a Idln until it becomes decomposed, parting with its carbonic acid gas, and passing 
into the state of a white or gray powdery material, greedily absorbing water with the 
evolution of much heat), and then making a paste by mixing the quicklime with suffi- 
cient water, and about two or three times it own weight of sLirp sand or gravel. This 
mixture dries dowly, but when dry becomes extremely hard, and firmly attaches itself 
to the foreign substances in contact with which it is placed. When a layer of it* is 
placed between bricks or stone, it cements them firmly together. 

It is often desirable to obtain a cement that shall dry more rapidly than common 
mortar, and under less favourable circumstances for dryness ; and it is found that when 
a certain proportion of clay has been present, mixed with Ike limestone before burning, 
(whether naturally or by preparation), and the calcination is carefully conducted, and 
not carried too far, the resulting lime, when mixed with a proper quantity of water, 
sets rapidly in a damp atmo.<iphcrc, and even under water. Such a limestone is found 
in the lias, in the London clay, and in various other rocks ; and the resulting lime is 
called hydraulic lime or hydraulic cement. The simplest and strongest of such cements 
is obtained when from 10 to 25 per cent, of the stone consists of silicate of alumina, 
and the rest is carbonate of lime. The larger the proportion of clay in the Stone 
ceeicris paribus, the more rapidly the cement becomes solid, the hardening being com- 
plete in two or three days, when the proportion amounts to 25 per cent., and taking 
three weeks when only 10 per cent. Much depends (especially in artificial admixtures) 
on the minute division and perfect admixture of the foreign particles. 

The kind of cement known as Homan, or Farkef^s, is made from nodules of calcareous 
matter obtained from the beds of the London clay at Sheppey and Harwich, fh)m the 
Oxford and Simmeridge clays near Weymouth, from the lias of Whitby, and firom 
similar deposits elsewhere. In all these cases the admixture of clay wi^ the car- 
bonate of lime is natural, and varies considerably in different samples. JHedina, AUdn^^ 
son’s, and Mulgrave, ore names given to cements of this kind, offering no essential 
difference in their nature. 

Poxtland GenMnt is mode from carbonate of lime, mixed with great care, in 
definite proportions, with the muddy deposits of rivers running over day and chalk. 
The whole of the materials are carefully poimded together under water, and are after- 
wards dried and burnt. From various expcrimenli^it appears that when well made, 
in good condition, and properly used, the value ^f Portland cement is much greater 
than that of the natural kinds (Roman) ; but in practice on a large scale, dif^nt 
casks, evtm from the same maker, and made at the same time, vary so much, that it is 
not safe to trust it to a much greater strain than would be given to Roman.* It is not 
unusual, in making use of these cements as artificial stones, to introduce large quanti- 
ties of broken stone and hrick, thus making the material a kind of concrete. Portland 
cement is said to make an admirable concrete when mixed with about ten or twdve 
timcaits weight of broken stones or pebbles. The name Portland is given from the 
slight resemblance in colour shown by this cement to the stone so called. The colour 
of Roman cement, on the’ other hanc^ is nearly brown, sometimes dark brown. 

* Good Boman cement will bear a strain of nearly 60 lbs. to the square inch, bat some speoimens 
will break with 20 lbs. Good Portland appears to bear more than twice the strain of good Roman. 
Thb measure of the strength is the weight that will drag asunder two bricks or slabs eemeated 
togetber by the difterent cements trUd. 
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Plasteis. — Gypsum or alifbastcr (sulpliato of lime) when calcined is not decom- 
posed ns 'Common limestone is, by parting with its carbonic acid, but simply loses its 
water of dl^dification. It is then reduced to a white ponder ; and when this is again 
mixed wil^ water, a certain portion is absorbed, a partial Crystallization takes place, 
and the mass becomes once more solid, though not so hard os before. The powder is 
called Plaster of Faria. 'NVhen mixed with thin gluo instead of pure water, it forms 
stucco ; and both as common plaster and stucco it enters largely intb use for various 
purposes. 

If, instead of being used with water, plaster of Paris in fine powder is thrown into 
a vessel containing a saturated solution of alum, borax, or sulphate of potash, and after 
soaking for some, time is ta^n out, re-baked, once more reduced to powder, and then 
moistened with a solution of alum, instead of pure water, before use, a hard plaster is 
obtained, known by various names, but essentially of the same nature. This is now 
much used in the interior of houses, and takes a fine polish. Keene's cement is made 
with alum, Parian with borax, and Martin's with pearlash. 

Most of the plaster of Paris used in England is obtained from Derbyshirr, Notting- 
hamshire, and Cumberland, from the new red sandstone, and beds of tlic oolitic period. 
A simdl admixture of impurity, whether lime or silica, appears to be of no material 
disa^antage. ^ 

Axtificial Stones. — An admirable and useful artificial stono is made at Ipswich, 
under a patent taken out by Mr. Frederick Eansomo, and is now entering larjgely into, 
use for filtering-slabs, chimncy-picces, vases, and decorative architectural work of*all 
kinds. It consists of sand moulded with a fluid silicate of potash, and afterwards baked 
in a kiln. The fluid silicate is obtained by exposing flints to the action of caustic 
alkali in a steam boiler at a high temperature. The subsequent burning changes the 
fluid silicate into a glass ; so that the goods, when completed, consist of nothing more 
than the particles of sand cemented together by this glass, and arc altogether unchange- 
able by ordinary exposure to damp and fl-ost. 

The other artificial stones in common use are composed of fire-clays of various 
kinds, and are more properly called terra cottas. They all contract greatly in burning, 
and in this respect arc far inferior to Bansome’s stone, above described, which, from its 
nature, sdlffers no contraction, and scarcely any alteration of form in the kiln. The 
best terra cottas (kiln burnt) are made in France, and the manufacture has there 
obtained a high state of perfection. Various attempts in England have met with par- 
tial success; buttlic unequal contraction of the material is a difficulty rarely sur- 
mounted. The best day used for this puiposc is the purest fire-clay. 

THE GEOLOGY OF MINERAL FUEL. 

In treating this part of our subject, it will be well to begin with some account of 
fuel generally, and the sources of supply of this most important substance. The process 
of combustion being simply the rapid combination of certain substances with oxygen, 
with the evolution of hea^ it is clear that, although mineral fuel alone is that com- 
monly employed at the present day in our own country on a largo scale, there are 
numerous substitutes concerning many of which natural history has to deal. 

Of all these substances, wood, peat, and coal arc in daily use, and best answer 
the required conditions ; but it may bo quite as well to know that, under other condi- 
tions, other substimccs altogether different might be employed. The greediness with 
which some metals (for example, potassium and sodium, the bases of potadi and soda) 
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attract oxygen is so remarkable, and the quantity of heat evolved so great, that when 
thrown into water, the water is rapidly decomposed, and these metals bium with, the 
most extraordinary vchemenA. Other illustrations, having the same' ebjebt, are not 
un&equently shown by the chemist ; and it is certain that in this case, as in many 
oftiers in wMch certain arrangements seem to us absolutely essential to tlic* existence 
of life, and rcally^are so, as far as our experience of life extends, are by no means 
necessary, and probably may not be universal. Many very large and important bodies 
in the universe may undoubtedly be so totally unlike our earth, in what seems to us 
its most essential characteristics, that wo must give up at once and for ever the hope 
of understanding the state of existence of organic being in such bodies, and must 
assume that the arrangements so necessary for us, varied and ingenious in 
their character, and so perfectly adapted for their puipose, form but one series out 
of an infinite group of adaptations, concerning the nature, object, and extent of 
which it would be equally foolish and impossible to speculate with the knowledge 
we can hope to obtain on this earth. Thus it must always remain altogether con- 
jectural iiF what way the sun is a source of heat to tho various planets, satellites, 
and comets of our solar system. 

It will be understood then, that for all the various occasions on which fire is 
required on this earth, ascertain consumption of fuel is necessary ; and that, in 
some shape, carbon is the essential ingredient in supplying this, os well as many of 
the wants of man. Pure carbon exists as a mineral in no less than three totally 
disfinct states ; first as diamond, crystallised, extremely hard, and in excessively small 
quantity ; as graphite or black lead, also partly crjrstallized, but in a different way, 
very soft, and moderately abundant; and lastly as anthracite, not crystallized, but 
found in large or small masses, and sufficiently abundant to be a very useful and valu- 
able fuel. Mixed with more or less hydrogen and a little ash, this same elementary 
substance appears plentifully distributed in some limited districts, where it is known 
under the general name of coal ; while in a still less pure state, but also as the chief 
ingredient, wo find it forming the essential portion in all vegetable substances, as well 
as in those accumulations of trees and moss which arc known in various gaits of the 
world, and arc called by us peat-turf, moss, bog, &c., lignite, and brown coal. 

The Stoxes of Fuel. — It has been intimated tha^ tho chief sources of fuel arc 
cither those stores of carbon secreted by tho vegetable kingdom, and consisting of the 
woody port of trees ; those accumulated heaps of vegetable matter which have escaped 
decay or combustion, and become bedded in large masses in peat bogs ; and those 
greatly altered accumulations — still, however, of vegetable origin— which, as coal, 
form in some places very extensive and thick beds, capable of being extracted with 
infinite advantage to man. 

N A forest of trees, extending over a wide tract of country, is undoubtedly a very 
important and useful store of fuel. Making a calculation of a very rough kind, it 
would appear that a square mile of forest land, covered by twenty thousand trees, each 
containing on an average two cubic yards of solid fire-wood, would be equivalent to 
about an acre of cool six feet thick (ten thousand tons weight), or to three acres of turf 
of tho same thickness (two yards). In tropical countries there are many thousands of 
square miles thus covered with forest ; in damp temperate climates there are thousands 
of acres of turf; and in various districts are thousands of acres also of coal— the thick- 
ness being often far greater than has been estimated, even on an average of extensive 
districts. Now, when wo consider that a ton of coal will, on an average, evaporate 
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nearly fifteen hundred gallons of water, and that six gallons of water evaporated in an 
hour is the ^equivalent to a horse-power, the practical bea^g of this way of regarding 
the subject will be recognised, and the resources of fuel uiflerstood. ' 

It is not in England, nor even in the noble and extensive forest-districts of central 
or northern Europe, that wo must look for the development of vegetable life on a larg? 
scale. In many places, indeed, such forests may be seen as those we have estimated 
above ; but there are other districts— sources of fuel— which aro far more remarkable. 
That region which occupies the great river-basins of the Orinoco and the Amazon, in 
South America, is perhaps the most marvellous, and is well worthy of notice. It has 
been described by Humboldt as so truly impenetrable, that it is impossible to clear with 
an axe, for more than a few pf ces, any passage between trees of eight or twelve feet in 
diameter. The area of this district is about twelve times that of all Germany. 
Throughout there seems to be hardly any space not occupied by woody vegetation ; 
for the intoivals belvTccn the trees aro filled up by on undergro^v1h of plants, forming 
a compact wall, only intersected by the rivers and a few paths made by the larger 
carnivorous animals from the interior to the water-side. In one place we^are told, 
whore the river had narrowed to about three hundred yards, it flowed in a perfectly 
straight line, enclosed on each side by dense wood. “ The margin of the forest presents 
at this port a singular appearance. In front of the almost impenetrable wall of giant 
trunks of trees there rises from the sandy beach of the river, -with the greatest regu- 
larity, a low hedge only four feet high, consisting of small shrubs. Some slender 
thorny palms stand next, and the whole resembles a close well-pruned garden hcd|e, 
having only occasional openings at considerable distances from each other, doubtless 
made by the larger quadrupeds to gain easy access to the river. When startled, these 
animals do not attempt to break through the hedge, but walk along between the 
river and the hedge until they have reached the nearest opening, when they disappear 
through it.*' 

It may interest some readers to know the equivalent of this amount of vegetation 
in coal. Taking the area of this district at two millions of square miles (two-thirds 
of that assumed by Humboldt), and the average height of the vegetation thirty feet, 
wc cannot estimate the whole quantity of vegetable matter existing at any one time on 
the Burfaco at less than thirty nfillions of millions of cubic yards (or tons). In actual 
fuel, such as coal, this would probably not be available to the extent of more than onc- 
third part— say ten millions of millions of tons of coal. Now this may bo regarded 
as about a hundred times the quantity present in the South Welsh coal-field, an area 
of nearly a thousand square miles. It appears, hence, that the quantity of coal, 
deposited in a limited area in the temperate zone, not remarkable for thick vegotation, 
is twenty times greater than the whole quantity of vegetation that could grow upon 
that space at one timo under the most favourable circumstances that can be imagined 
in tropical climates. . It should be remembered, in making such calculations, that 
wherever nature is thus prolific in providing vast stores of any kind, she is equally 
careM to provide means for their removal by various causes of decay acting with 
a rapidity utterly unknown amongst us. The ants of tho tropics wiU empty a tree in 
a few hours, leaving only the bark. 

It is well to know something of the vast amount of vegetable matter in the tropics, 
that we may conjecture the rapidity with which it may occasionally be heaped 
together into masses indestructible by ordinary exposure ; but living natuia is cco^ 
stantiy in course of change, and but a very small part of what exists at any one tisoe 
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is pcrmancatly retained in anything like the same shape. Thus in these forests 
when a tree ^os it soon becomes a prey to insccsts which deyour the last firagment of 
woody fibre ; and these, again, tmo. the food of larger animals. The carbon thus 
enters into new arrangements and performs a lengthened course, only at JmtcTvals; 
aftd by accident, as it were, becomes fixed, but then rarely in the form of peat or coal 
available for fuel. 

The value of wood is, however, extremely great, as in many parts of the world 
no other fuel can be obtained, except at such cost as to render it practically useless. 
It is generally estimated that one pound of green wood will evaporate about five 
pounds of water, a pound of dry wood seven pounds, and a pound of pure charcoal 
fourteen pounds. Wood always retains a certain portion^f water, generally as much 
as 20 per cent., even when air-dried. It consists of about 50 per cent, or one-half 
carbon, and from 42 to 45 per cent, oxygen, the rest being hydrogen and earthy 
matter, chiefly potash, soda, lime, silica, and. iron. 

Wood is either used in a natural or partially dried state, in which case there is con- 
siderable less from the quantity of water actually present and the additional quantity 
produced by the hydrogen and oxygen during combustion, or else in a charred states 
the volatile and combustible ingredients being driven off by burning in a close vessel 
or chamber. By burning in partially open heaps, from 14 to 16 per cent, of charcoal 
is obtained from green wood, but, when chaired in close ovens or retorts, upwards of 25 
per cent, can be produced. The advantage of the latter process will appear by com- 
paring these results with the relative values of the different fuels, as given above. 
Thus 100 lbs. of green wood evaporate 500 lbs. of water. Bcduccd to charcoal by the 
heating in ovens, the quantity of fuol^would bo reduced to 25 lbs. ; but the water eva- 
porated would be fourteen times this quantity, or 350 lbs. It is evident that the reduc- 
tion to charcoal involves a certain loss of fuel in all cases ; but, on the other hand, a 
considerable advantage is gained for many purposes, owing to the increased value of 
the fuel and diminished cost of transport ; since about 36 lbs. of charcoal, once made, 
arc capable of evaporating as much water as 100 lbs. of wood, while they do not occupy 
one-third of the space. The cost of transport is thus much less considerable, and the 
advantage of reducing the wood tq charcoal is easily seen. Of commop woods, oak 
and pine are the most valuable. • 

The time required for the full growth of forest wood for fuel varies naturally in 
different climates, and according to the prevalent species of trees. Not more than two 
per cent, of the actual quantity of well-grown wood existing at a given time, in a 
given q»acc, can be regarded as annually available. Most parts of the world, however, 
will bo fbund to possess a large quantity of timber within a reasonable distance, until 
civilization has so for advanced as to limit the range of forest land, and check the 
natural increase. After this, the only fit source of fuel is either from peat-bogs or 
from the mineral kingdom, in somo ^ape or other. 

The simplest and least altered vegetation, embedded in accumulated masses within 
the earth or lying on its surface, is that found in low and damp situations, where 
water is easily retained 'at the surface for want of natural drainage, where aquatic 
or marsh plants abound, and where trees are occasionally buried in rapidly-g^o^rmg 
bogs. Such masses are called ' 

Peatf OJ Tuzf-liogs.— Near the surface the layers of vegetable matter {iurf) are 
generally light, spongy, and manifostLy of vegetable origin. Deeper in the bed the 
toaLtnre is more compact, the colour darker, the vegetable character scarcely, if at all 
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recognizable, and the ash in larger proportion. Under this form, and under the namo 
peaty the weight of the cubic foot is nearly double that of turf, but the quality is not 
improred. The a.sh which remains after burning yarics from 15 to 30 per cent., and 
there is gpncrally a large proportion of water present, CYcn when the peat has been 
well air-dried, so that the heating power docs not exceed two-fifths that of coaf 
After deducting the ash and coal, there still remains less than 60 per cent, of carbon 
in ordinary peat, the rest boing"oxygcn, nitrogen, and hydrogen gases. 

In some countries, and within certain limits of climate, the growiih of peat bogs is 
extremely rapid, and the extent of surface thus covered enormously great. But these 
limits are well marked ; and although within their range the quantity of fuel thus ob- 
tainable is extremely large, ^s quality is somewhat inferior, and Iho cost of transit, 
even to very short distances, renders it scarcely possible to use it extensively. Various 
methods have been tried, from time to time, to dry and compress the peat, to render it 
compact and more combustible by soaking with tar, and to render it more availablo by 
charring. The success of such methods is at present imperfect. Most of the com- 
pressed peats still contain too large a per centage of ash and water, and the charcoal is 
of too loose a texture, and too bulky, to answer the requirements of a first-rate fuel. 
But the charcoal, although too light for fuel, except when the turf has first been com- 
pressed, is very valuable in the manufacture of ganpowdcr,tfor various sanitary pur- 
poses, and for manure, while the products obtained in its formation (when the chaning 
is performed in a close vessel), arc of considerable value. The finest peat-cokes arc 
generally obtained from the light open turfs obtained from near the surface of a bog. 

Ireland, Holland, and some parts of Germany, arc remarkable for the large extent 
of surface at the present time occupied by bog. In the former country nearly one- 
seventh of the whole island is thus covered, and the depth varies from a few feet to 
thirteen or fourteen yards, being much greater even than that in particulai- spots. In 
various other parts of Europe v^st deposits of similar kinds occur, and the economical 
employment of peat fuel is a matter whose importance it would bp impossible to exag- 
gerate. The turf, as usually obtained, yields nearly 75 per cent, of volatile matter, 
and from 2 to 10 per cent, of ash ; although sometimes much more. The qualities 
vary extremely in diflerent bogs, and would probably require diflcrcnt treatment to 
render them economically available. From some recent experiments, by Sir R. Kane, 
it seems likely that, in particular cases, the value of the products is so considerable as 
to justify on elaborate, and even costly, mode of treatment, at least in the way of 
experiment. 

Lignita.— In many parts of Europe, and even in tho British Islands, there are found 
large accumulations of partly altered vegetable matter, known Hometimes as ligmiCy and 
sometimes called hrown~eoaL This substance is hard, compact, and comparatively heavy; 
and often retains its woody texture, although some portions, almost crystalline, and of a 
fine black colour, form an impure variety of jet. Jet itself is found under somewhat 
similar circumstances. On being heated, lignite often bums with difficulty and with a 
disagreeable odour, and is found to contain some water and a good deal of aril. Tho 
avaftaJilljncg^ of carbon varies from 50 to 70 per cent. ; but this cannot readily 
be obflPpa iva convenient state by charring, owing to the mechanical state of the 
carbon in the mineral, and the volatile products arc rarely separated with advantage. 

, - The chief deposits of lignite arc met with in central Europe, in or near tho 
basins of the principal rivers. In some eases their mass is enormously great ; but in 
linear extent they are nowhere so considerable as the peat bogs, and are equally unlike 
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the regular coal bonds. But little use has hitherto been made of these bods on a large 
scale and for manufacturing purposes; although for household fuel tlicy have, for some 
years, entered into ordinary consifmption in Styria, and in the Duchy of Nassau. 
They have been employed in England for pottery works, but are of little importance. 

Goal is, at present, the only really valuable and available source of fuel on a large 
scale, for important and extensive operations. It is for superior to wood as a com- 
bustible, being nearly equal in this respect to pure charcoal. The finer kinds contain 
but little ash. Some varieties are valuable for their volatile products, yielding large 
quantities of gas for lighting, and much tar, besides various useful substances ; others 
consist of almost pure carbon ; while others, again, contain such an admixture of volatile 
and inflammablo ingredients that the coal readily takes firejf^uming with much heat and 
great steadiness. A hundred pounds weight of coal occupying, when solid, about one 
and a half cubic feet, will evaporate, when perfectly consumed, os much as l,2001bs. 
of water from the boiling point. The same volume of oak charcoal would weigh less 
than 121bs., and only evaporate about loOlbs. of water. The same volume of solid 
wood, wcUTdried, would weigh about 4dlbs., and evaporate 2701bs. of water. The same 
volume of light turf would weigh about 301bs., and evaporate 340 lbs. of water ; while 
this quantity of good lignite, though weighing as much as 1 lOlbs., would still only 
evaporate SOOlbs. of water. * This mode of estimating by space is of the most practical 
kind, as the cost of transport depends on the facility of packing a largo quantity on a 
truck or in the hold of a vessel ; and the value of coal is thus seen to be very considerably 
greater than that of any other fuel, the original cost of obtaining being assumed os 
equal.* Practically also it is found that where it exists in thick beds, the working 
expenses in getting coal arc smaller than for other fuels. 

Although coal is very widely spread over the earth, and exists in some districts in 
enormous quantities, these are still so limited, and their value depends so much on 
geographical position, that the actual use of the mineral, os a fuel, is greatly limited. 
The several weU-kno\m coal-bearing districts in our own islands need only be referred 
to generally as among the most valuable in the world for position, available quantity, 
and excellence. On the east side of England wo have the great Northumberland and 
Durham cool field, with half a million of acres of workable coal, approachable' in 
various places along an extensive coast line with several good ports, admitting of the 
best and cheapest transport. In South Wales there exists a yet larger area, in which 
thicker and equally valuable beds can be worked ; and there, also, the coast presents 
a number of convenient ports f]X>m which the coal can be shipped. In the interior, a 
vast tract in Yorkshire, Loncadiire, Derbyshire, Staffordshire, and Shropshire, larger 
in extent than the other two districts together, is not only adapted to supply the 
interior of England, but, by means of railroads, competes successfully in the met^polis 
even with the better coal conveyed by sea from the north. In Scotland, the valley of 
the Clyde is equally rich, and scarcely less important ; while in Ireland each province 
possesses coal areas, which are, indeed, now but little worked, but M'hich may here- 
after prove of great value. On the continent, Belgium is especially rich ; and 

Germany possess stores of mineral fuel, the former especially, of consideraldSa 'latent, 
though placed far in the interior ; Spain has largo and excellent beds, those' in the 

* The form and size of the separate frogments or blocks in irhich the fuel can he obtained mani- 
festly affects this calculation. Those fuels that pack most closely thus possess an advantage nrhich 
must be token into consideration. 
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AAturias not nnfietYourably placod for present use ; while Bussia is |ffovided with this, 
in ftdditi oT i to her many other sources of wealth. In various parts of Asia the 
existence of coal is well known ; but the details arc not yet sufficiently reported to 
enable uA to judge as to the eirtent of resources of this kind actually to be depended 
on. Several remarkable and important coal fields arc known in India, and within a 
very short period the stores of this mineral on the shores of tho Black Sea are likely to 
come into active use. 

Bich and favoured as England and tho old world have proved to be in mineral 
fuel, North America is far richer, and its future promises yet grander results. 
Af ftTrifi g a liberal deduction for unproductivo portions of the fields, we cannot estimate 
the ai-ca of arailablo coal^s less than twenty-five millions of acres in the United 
States, and ten millions elsewhere. If, however, wc assume, as a very rough approx- 
imation, that there arc in all fifty millions of acres of coal-bearing beds on the earth’s 
surface, and that their average thickness is ten yards, and if wc take the present con- 
sumption throughout tho w'orld at fifty millions of tons per annum, it will appear, from 
a very simple calculation, that thcro exists a supply at least equivalcnt^to tho con- 
sumption of fifty thousand years at the present rate. Wc need hardly trouble oui’selvcs 
at present, therefore, with any alarm for tho future, even if many new uses and apidi- 
cations of fuel should be discovered, without the corresponding discover)’' of new 
sources of fuel. 

Like wood, peat, and lignite, coal usually contains a certain proportion of inflam- 
mable and bituminous ingredients, which it is sometimes desirable to remove before 
using tho fiiel. For this purpose the coal is burnt into coke^ cither in heaps, or more 
usually in ovens constructed for the purpose, each holding about two tons of coal. Tho 
result is a very hard brittle mass, very dense, and of a steel gray colour. A quantity 
varying from 10 to as much as dO per cent, of the weight of coal is lost by coking ; and 
the value of coke as fuel is- about one-fifth greater than that of an equal weight of 
the coal from w'hich it was made. 

Having now passed in review the various kinds of fuel used for ordinary heating 
purposes, and having seen that of all these cool is the most valuable, and the best 
adapted for general use, wc shall find it interesting to consider more closely the exact 
nature of this substance, and the circumstances under which it appears to have been 
formed. Presented, as wc know, amongst the earths, and clays, and stones that moke 
up the external film or crust of the earth, formed manifestly imder very similar cir- 
cumstances, and in association with water, proved both by its own texture and struc- 
ture, and by the frrequent presence of leaves and trunks of trees, to be very closely 
connected with the vegetable kingdom, there now remains no doubt, in the minds of 
observers, that this mineral fuel is nothing more than a modification of what is still so 
abundant, and so rapidly multiplied— the pleasant green covering of the earth, the 
herbs of the field, the trees of the forest, or the rank, luxuriant growth of tho swamp. 
It is to these, and these only, that we owe tho stores of brilliant black stone which 
are more valuable for England than many Californios or Australias. To these wo arc 
indebted .fbr the moans of rendering available our ores of iron, our copper and load 
ores, and our position fbr trade and manufactures of all kinds, which together are the 
sources of our national greatness ; and therefore it is well to go back a little, to seek 
out the history of the tribes of plants that onco grew in these latitudes, whoso remains 
have been handed down from generation to generation, and which still exist, to help 
us to the solution of some of the most singular and difficult problems in natural history. 
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Something has been already said on this subject (see p. 86), but some further remarks 
suggest themselves. 

Of all the plants which clothed and decorated our land at the time of the deposit of 
these large accumul^ionB, since converted into coal, only a very few species seem to 
have been retained in such form as to admit of their being now made out satisfactorily. 
At least, we are bound to assume this from the limits within which the various spe- 
cimens are condned, including as they do only the leaves (fronds) of ferns, in a very 
imperfect and mutilated state ; detached trunks and roots, in which it is doubtful 
whether wo really sec the external surface or not ; a few cones and nuts, and still 
fewer fragments of flowers and fructifleation. Interesting, and occasionally very 
boautiful, as these arc, they arc singularly unsatisfactory^! bringing us to conclusions 
concerning the climate and other conditions that prevailed in different parts of the 
world ; but they arc all wc have to depend on, and we must endeavour to make out as 
many points as possible on which wc may be satisfied. 

The ferns and allied plants appear to have been infinitely more abundant in the 
formatbn^f coal than any other tribe ; and it would seem that these plants were at one 
time distributed over the northern hemisphere within wide ranges of latitude, to an 
extent, and with a degree of uniformity, to which there is now no parallel. In some 
respects this is indeed thff case in the southern hemisphere, since in a|fow islands, 
especially Van Dieman’s Land and New Zealand, the ferns are extremely plentiful, 
choking plants of larger growth, and admitting no under-growth of smaller species. 
The climate in such cases is temperate, equable, and damp, and the variety of sp^ecies, 
both of ferns and flowering plants (especially the latter) extremely small. Many of tho 
ferns found fossil were very closely allied to those now living ; but while tho total 
number of species met with in the British Islands is now only about fifty, the com- 
paratively small areas worked for coal have already laid open for investigation more 
than three times that number. Judging fium what wc know of the present habits of 
similar plants, there is no reason to conclude tliat any other change of climate is thus 
indicated than would be produced by a different arrangement of the land and water. 

A climate warmer than ours now is * would probably be indicated by the presence of 
an increased number of flowering plants, 'which would doubtless have been fossilized 
with the ferns ; whilst a lower temperature, equal to tho mean of the seasons now 
prevailing, would assimilate our climate to that of such cooler climates as are charac- 
terized by a disproportionate amount of ferns. This, then, is an argument unfavour, 
able to the theory of central heat having warmed tho surface, or of the direction of the 
poles being so altered, as to have exposed Great Britain to a tropical climate." 

Among the more important of the coal plants, forming a very marked feature in 
almost every coal field, appearing m all the beds near coal,, and distributed from Spain 
to Scotland, and from Eastern Russia to the Alleghany mountains, are those singular 
trunks of trees known to fossil-collectors and naturalists under the name of SigUlaria. 
Upwards of sixty species have been described, but the definitions aro very imperfect ; 
and these fossils are but too well known to miners under various names, such as 

bottoms" and beU-moulds," which aro stumps, often only a few feet hi^ but many 
yards in circumference at the expanded base^ harder than the shales in which they occur, 
and when loosened from below, readily falling, unless propped, and often thus tho cause 
of serious accidents. Besides &ese stems or stools, innumerable rootlets, often traceable 
from them, permeate in every direction most of the fine pure days, underlying coal in 
* Dr. Hooker. Meoxoirs of Geological Survey, vol. ii., p. 404. 
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so&iD of the principal coal-fields. These rootlets, however, and tho huge rounded 
masses with which they are connected, as well as larger roots, which also abound, arc 
usually cfdlcd SUgnutria (see figure page 83) ; although it is now pretty certain that 
the 80 -callcd Stigmaria is really the root of Sigillaria. • 

It seems clear that the Sigillarisa were trees of brittle and open tissiie, easily pressed 
flat, even by their own weight, after decay. They had cylindrical, straight, and some, 
times lofty trunks, growing probably like palms, with great rapidity, and assuming 
ftom the first their full dimensions in diameter, but leaving broad deep scars by tho 
ftdling off of leaves, which may possibly have been like those of the zamia, and not 
unlike some ferns in appearance. It is clear that a slender colun^n, rarely two inches 
in diameter, passed obHqneiy through the trunk, and that tho roots were of compara- 
tively largo size, and extended horizontally, radiating like tho spokes of a wheel. 
Nothing is positively known of tho foliage of this tree, although, as stated above, it is 
eoiyeetiired to have been fern or zamia-like. 

^4«^pt hr removed from the Sigillaria was the tree called Zepidodendron (i^e page 88), 
of species ore described, and of whoso trunk, branches, leaves, and 

cones a very ‘satisfactory knowledge has been obtained, although the roots have not 
been identified. The name is given from tho scaly appearance of the trunk left by 
decayed leaves. The tree diminished gradually in Isizc towards the top, and branched 
at an acute angle ; the number of branches being sometimes fifteen or twenty. These 
branches were covered with simple longish leaves, spirally arranged round the stem or 
twif. They are supposed to have resembled the club-mosses, some of which grow to 
rather considerable size in New Zealand, although in no case do they now approach 
the condition of a tree. 

The only other very common and characteristic plant of the coal mcasiu'es is that 
known as the Calamite (figure page 83), and generally described as repi'escntmg, in a 
gigantic and exaggerated form, the common maro*8-tail {Squiaetum) of our marshes. 
In form, growth, and some conditions, there appears much similarity ; but there are 
plan some essential points of difference. Calamites abound in some beds near the coal ; 
and, like stems of Sigillaria, they ore generally flattened and horizontal, though they 
have also been found vertical gnd in groups. 

The changes that have reduced vegetable matter, as seen in the fields and forests, 
to the state of coal, were manifestly very peculiar and local ; for there is no reason to 
doubt that most parts of the earth have ftom the earliest time been clothed with vege- 
tation, while true coal exists only in comparatively few districts, and is almost limited 
to a single one of those numerous periods described by geologists, each marked by the 
deposit of impdftant mineral accumulations and distinct groups of fossils. The nature 
of the change is still obscure ; for in many cases there is little evidence to show what 
was the vegetation of which the coal was really made up, although quite enough 
to satisfy us of the prevalent plants and trees capable of leaving behind trunks and 
leaves for examination. 

Now it is dear that the mass of vegetable matter forming coal must cither have 
grown where we find it, or must have been transported thither and accumulated by the 
oction of water. If it grew on the spot, it might cither have beem in the way of moss 
forming peat bogs, or a continued accumulation of leaves and trees, thero being, in 
either case, a possibility of the deposit being continued till it h^ attained a vast thick- 
ness, judging from tho nearest parallel instances at the present day. If it prere drifted, 
it may either have been so by rivers or marine current*. 
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Tho balance of evidence with regard to these two possible causes mdy. certainly bO 
regarded as in fsTonr of an acotunnlatlon on low, flat, xnardiy land, constantly exposed 
to the intrusion of largo quantities of mud or sand, brought by marine oucents ftmt 
some moderate distance, and constantly exposed also to dow depressions of the land, 
similar to thosanow tdking place from time to time in Italy and the Mediterranean, 
on the west coast of South America, and in other Tolcanic countries. 

The coal exists in beds varying in thidmoss from tho tenth of an inch to a hundred 
feet or more.* These usually repose on flne day, whidi is penetrated in every 
direction by the roots of plants, and shows no mark of the conveying current being 
strong enough to carry along trunks of trees. On the other hand, the beds above cod, 
if sandy, often exhibit proofs of such power in the broken state of the leaves and 
twigs, and the prostrate trunks lying in every direction, rht unfrequendy the coal 
has been found very intimatdy connected with its underlying bed or floor, lowing the 
relation that might bo expected between a mass of miscellaneous vegetation anid ;^ii^ 
ground on which it has grown. Tho main difficulty to be explained, in tskim^fiir 
view of the origin of coal, is tho very frequent depression th^ must havi^ 
the immediate or rapid reproduction of land in a state to be^a siiiiili#|;»ir^ of trees 
and plants to be again destroyed. It diould be mentioned, indeed, thaiin thick seams 
there is rarely any continuous true coal of good quality without intermediate dayey 
or sandy bands, often black, and sometimeB capable of being burnt, but altogeflier 
distinct from the coal itself. That many depressions do take place in volcanic dirtiiets, 
with alternations of repose, and even of elevation, is now wdl known from actual obser* 
vation and measurement ; and that a long period of time was required for the fhtmat|[on 
even of a single bed of cotd of only moderate thidmess is equally certain. Althoii^, 
however, it is not improbable that the existence of a large proportion of the various 
beds of coal may bo well explained, by supposing that the vegetable matter of which 
they are composed grew bn the spot as trees, there is yet no impossibility that other 
modes may in some cases have prevailed, and that peat bogs and drift wood may also 
sometimes have supplied tho reqtflsite carbon. 

The change that has taken place in producing coal from leaves^ wood, stalks, or 
moss, is very considerable, and seems to have required either the lapse of a long period 
of time, or some circumstances productive of chemical action of a peculiar kind. The 
component parts of all vegetables are chiefly carbon, oxygen, and hydrogen; but acon- 
siderablc part of the two latter elements are in the state of water, and a certain per 
centage of eorthy matter and alkalies is also present. The water m sometimes actually 
ninety per cent of the whole plant, but generally in wood it forms from ei^teen to 
fifty per cent. After a time, by pressure, and exclusion from the atmosidiere, this water 
is to a great extent gof rid of, and the carbon, if unable to combine with oxygen in the 
natural progress of decay, is preserved for an indefinite period, together with the earthy 
and alkaline ingredimts. As time advances, flirther changes take place the external 
form becomes altogether lost, and even the texture is confused ; but in this state agfthif 
Wood can remaiuL for a very long time without further alteration, and if then expo^ 
to the air, it forms the imperfect friel des^bed as lignite. When, however, either by 
the influence of time or chemical action, a fbrther diaage takes place, the proportibna 
of the gases, and alal of the mineral ingnsdienits, are found to alter essentially; so tlmt 

* ZuEagltad the beds no where exceed forty ftet; hntbedeof lignite exiet In various perte of 
BaAternOernieny,endfoBt3rria, whoiM thlrinMii exeeeds a hundred foot; end true oeid it found 
to thedepertsleBt of Aveyroa^Oe^^nane^^ In beds, O Motwldiiiktam 
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while in pure woody fibre there is about fiity-two anda-half per cent, of carbon, forty- 
two of oj^gon, and five and a quarter of hydrogen, tho proportion of ashes being less 
than one per cent., peat is found to contain fifty-six to seventy per cent, of carbon, 
twenty to twenty-five of oxygon, and ten to twenty per cent, of ash, while Hgnitc with 
about the same proportion of carbon has much less ash, and thirty to thirty-six per cent, 
oxygen ; lastly coal, when of good quality, has from eighty to ninety per cent, carbon, 
rarely ten per cent, of oxygen, and less than five per cent, of ash. In all these cases, 
the proportion of hydrogen remains ; but in wood, peat, and lignite, it is combined 
with part of the oxygen in tho form of water, and in coal, instead of the oxygen, a part 
of the carbon is combined with tho hydrogen, forming carburetted hydrogen gas. This 
composition, with certain differences in compactness and uniformity of texture, is 
among tho characteristic pftuliaTitics of coal; and tho more perfectly these conditions 
arc fulfilled in any mineral fuel, tho moro the material becomes available as real coal. 
It is not unlikely that the gas thus formed occupies the place of water in tho cells of 
the plant when in its new and mineral condition. At any rate, it is certain that on the 
removal of part of a bed of coal, the gas issues very freely from these p<p:cs in large 
quantity, and is occasionally so abundant as to be the source of extreme danger. 

Thus, then, the nature and history of coal have been traced, and we sec this substance 
reduced to its true position as a mass of vegetable matter originally bedded with clay 
and sand, and forming a component part of the mineral substances forming the earth’s 
crust Wc wiU next consider how far this position is available, and under what cir- 
cumstances a substance so useful and so abundant can bo best obtained. 

XiiiexaliflAtioii of Coal.^Somcthing of the position of coal has been already 
alluded to in a former paragraph, in speaking of its origin; and the usual accumulations 
of sand and clay in its vicinity have also been referred to, but we must now consider this 
point a little more closely. Beds of coal, like beds of clay, arc rarely horizontal or 
parallel to the earth’s surface for long distances; and, at however small an angle, 
they almost always cut the earth’s surface in a line, which in unc^tivatod districts 
may often be seen, either in natural cliffs, in the beds or banks of streams, or wherever 
the first operations of road-making, however rough, cut through the coating of soil that 
interferes with our observation of the interior. Seen in this way, and at a slant section, 
tho thickness of the beds often appears greater than it really is ; while, as the coal is 
generally dirty and injured by exposure, the scams arc by no means so easily recog- 
nised as might bo imagined. Tho appearance of the coal, as of other rocks at the 
surface, is technically called tho out crop, or more briefly, the crop; and from it alone 
the true thickness and value of the coal cannot be ascertained. For such purpose, 
trenches or shallow pits must be sunk, and the angle of inclmationof the bed to the 
horizon be ascertained. The general limits of such lines of crop require to be marked 
on a good map, together with the position of other beds determined in the same dis- 
trict. When this is done, a general idea is obtained of the extent and value of the 
coal-bearing area, and some notion also as to the depth at which the coal may be worked, 
presuming that no ixregnlarities exist underground. As, however, many such do exist, 
under the name of faults, slips, and troubles, it is always expedient to learn the extent 
to which they affect the position of the coal. 

The general anangeinent of zodu at the earth's surfitce, both in respect of their 
original regularity and subsequent partial displacement, will bo understood by the 
reader df the preceding page% who has attended to tho chapter on Descriptive Geology. 
The totkia of the weather, and a thousand other natural and ev«cy-day effuses, tend to 
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wear away czposod portions of the eartli, and renaoyo them to a distance. £yeiy shower 
of sunftnor, every frost of winter, oyery stream running over tho ground, every wave 
beating against a diff, or rolling shingle on the sca-beach, helps to bring about this 
result ; and even tho plants and trees growing on the soil, and the animals everywhere 
present both on land and in water, all do their share of this important work Tho 
process of wearing away, and le-deirasiting that which has been removed, is thus as 
continuous and incessant as tho lapse of time itself; and accumulations are now being 
made, though generally out of sight, which, in course of time, would appear as beds or 
strata, often of no slight dimensions, but for tho most part quite horizontal. 

There is probably no such thing in this world as an unchanging and uniform condi- 
tion of things, even in those solid and apparently unalterable masses of rock buried 
beneath hundreds or thousands of feet of other mmcrals, and*far away from observa- 
tion. Certainly, in the accumulations mode at the bottom of water, a transition state is 
that which immediately commences and prevails for an indefinite period, since the mud 
of a few centuries ago, which onco contained an admixture of all kinds of animal, vege- 
table, and mineral matters, has now become half consolidated, its impurities collecting 
together or given off in gas'. Afterwards, and while oontinumg to harden, it contracts 
and becomes cracked, undergoing at the same time a certain amount of re-arrangement 
of the atoms— the mud bccozuing either clay or limestone, according as it is argillaceous 
or calcareous, and assuming gradually that scmi-crystalline structure so frequently 
observable, and causing tho mass to separate readily into regular blocks and thin films. 
In tho course of time so great a change has taken place, that were it not for tho incon- 
testiblc evidence of mechanical arrangement and fossil contents, it might often be 
doubted whether the regular beds seen in section in a sea cliff were really once mefo 
muddy accumulations, and whether the band of shells, bones, or coal had its origin, 
as wc know it had, in similar heaps of organic matter. 

Thus it arises that a coal bed, scam, or vein (for it is called by all those names), is 
not so simple a thing as might at first be imagined. It is one of a number of pheno- 
mena which must be considered together, and with reference both to events going on 
now, and to others formerly taking place over large areas. It is not quite what it 
seems, for it has a history of its own, involving a long succession of events, the last of 
which was the elevation of tho bed into its present position. We have already seen 
that coal is not now a mere mass of vegetation, though formerly existing in this condi- 
tion. It is so far changed as to have become a mineral, alternating in beds with other 
mmcrals ; altered by them, and having helped to alter them ; broken up, re-united, 
lifted izregulorly, partially wom, and occasionally, perhaps, drifted in mass. One coal 
seam also rarely exists alone. 'Whatever tho reason may be— and it is undoubtedly very 
obscure— the causes that have produced a deposit of vegetation have generally acted so 
fkr at intervals, that it is more usual to find a nnmber of moderately thin beds than one 
or two thick ones. But however this may be, tho essential change has been super- 
induced; the vegetation no longer exhibits its cellular structure and original qdral 
vesods except at rare intervala ; it no longer contains water, but instead of water it 
possesses tho elementary gases, oxygen and hydrogen, of which the water was composed, 
both mixed with the carbon, the essential base, and forming the carbonic acid gu and 
carburetted hydrogen, which, emding afterwards when tho coal is broken, are the 
fertile source of the great dangers to which coal mining is more e^ecially exposed. . 

The main ebrngee to be considered are (1) the atomic alteratians which 
essential difihrence between ordinary vegetable matter and mineral coal; and (2) the 
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mochanical alterations of position 'wHcb render it possible to work— from the surface of 
the earth in hiU sides, or at depths rarely much below the sea level — ^a vast strics of 
deposits originally formed at or below the sea. It will also bo fitly considered in this 
place how far geological age is important in reference to the probable existence of true 
coal in a district. 

Speaking in a general way, and without introducing technicalities unsuited to the 
occasion, we hare seen that cool differs from wood, peat, lignite, and other yegctablo 
fuels, in having parted with almost all the essential ingredients of vegetation except 
carbon; while, on the other hand, it differs from various mineral substances, of which 
carbon is the essential ingredient, by still retaining at intervals indications of the actual 
structure of organic existci^e, as developed in the vegetable kingdom. These arc, it is 
true, in a state utterly invisible to the unassisted eye, but they readily yield the secret of 
the origin of the substance to tho microscopic observer. At the same time it is right to 
remind tho reader that tho steps arc very gradual between organic matter loaded with 
mud and other similar impurities, and clay loaded with organic matter derived from 
vegetation, and communicating the peculiar and essential features of a combustible 
substance. So difiicult is it to draw this line, and so little had scientific men thought 
it necessary, or found it possible, to create an actual definition in reference to this point, 
that within a short time a very important question arose ii;L the Scotch courts of law as 
to whether a lease, granting the right to mine coal, should be understood to cover a 
certain mineral substance highly inflammable, and valuable for gas, but not really 
available as fuel. Owing partly to tho fact that the lessor in the particular case had 
himself regarded thia*bed of bituminous shale on which the question arose as a real 
c6al, the question was decided in favour of tho lessee. But about tlie same time a 
similar question, in respect to the same material, as to whether it should be admitted 
on paying duty as a coal, or be passed free as a shale in the German customs’ union, 
was settled the other way, tho mineral being admitted as a shale eminently useful for 
certain purposes, but not a true mineral fuel. Certainly if coal is to be defined as a 
mineral fuel, and bituminous shales arc distinct, the fact of a substance being valueless 
as a fuel after being deprived of its gas, is of some importance. 

Tho essential peculiarities of coal as a mineral vary, however, very greatly ; and 
this not merely in hardness,, jcolour, texture, weight, fracture and other mincrdogical 
characteristics, but also in actual composition, both positively as regards the total 
quantity of carbon it contains, and relatively as to whether this is ossodiated on the ono 
hand with considerable volumes of gas capable of entering into combination with 
carbon ; and on the other, whether tho proportion of earthy impurities is so largo that 
the heating powers are dissipated and lost before they can be applied to get up steam 
in a boiler. All true coal is nearly free from water ; but tho oxygen and hydrogen, 
originally contained as aqueous fluid, are often large in quantity, and interfere with 
the efficient use of a coal as fuel. 

Bitvmlnow Coal. — ^There are various kinds of coal obtained from mines worked 
in the tmob coal fields, which may be grouped into bttumimut cos/, nUam eoal^ and 
anihraeiU, Of the first, the eannel is a remarkable variety, tho coarser kinds of it being 
called in Scotiand and sometimes 9^int coah* It contains from forty to 

• fipEnt coal is a name sometimes to these less bitnminous varieties of Seotoh caanel ; bat 
it Is eiso dsewhere to hard and highly bitaminons ooals whloh bum with flame, but have 

Utfie resemblMkoe to caanel. 
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nearly sixty per cent, of yolatile matter, and the proportion of carbon Taiies within the 
same limits. It bums readily, taking fire like a candle, and giving a bright light, and 
much smoke. The ash varies from about four to ten per cent.* 

This coal yields, on destructive distillation, a very large quantity of gal, and is 
profitably used for that purpose. The gas is not only large in quantity, but remark- 
ably pure, and of excellent quality for purposes of illumination. There is a large 
quantity of this kind of coal in the Scotch coal fields, and it has also been found in the 
Newcastle district, in the Wigan portion of the Lancashire coal-field, and in the York- 
shire and Derbyshire coal fields. America yields cannel coal in Virginia, Kentudey, 
Indiana, Illinois, and Missouri. Ganncl coal passes into jet, and may, like jet, be 
worked into various ornaments ; but it is brittle, and not*vcry hard. The seams are 
generally rather thin, although there arc several important exceptions, in which the 
quantity is very considerable. The coal of Belgium, from one basin (that of Mous)y 
seems to be of this kind. 

Anothe^ and far more abundant kind of bituminous coal is that obtained in 
Northumberland and Durham, and commonly used in London, and everywhere on 
the cast and south coasts of England. This kind is also highly bituminous, bums 
with much flame, and takes fire readily; but it swells and alters its form while burning, 
often assuming a striking and very peculiar appearance. This caking coal, as it is 
called, yields on an average of several analyses, about 67 per cent, of carbon, about 
37*6 volatile matter, and 6 per cent. ash. Its specific gravity is 1*257, but sometimes 
higher. It leaves a red ash in on open fire, but requires to be deprived of its volatile 
matter before being exposed to a strong blast, owing to its tendency to cement together 
in a solid mass, and prevent a free draught through the grate or furnace in which it is 
employed. Not only the coals of the Newcastle coal ficldf in England, but most of 
those of Franco and Belgium generally, of Bohemia, and Silesia, in Europe, and of the 
volleys of the Ohio and its tributaiics, in North America, are of the caking bituminous 
kind. 

The cools of Staffordshire, Yorkshire and Derbyshire, Lancadiire, North Wales, 
and many other districts, contain nearly or quite as much bituminous and volatile 
matter os those of Newcastle, but do not cake and swell in the fire, and may, there- 
fore, bo employed directly where strong heat is required without previous coking. The 
coke obtained from these coals is.litUo altered in appearance. The coalbums freely, 
with flame and much heat, but is.gcnerally considered somewhat inferior for household 
purposes to that of Newcastle. It yields 50 to 60 per cent, carbon, 35 to 45 volatile 
matter, and a small quantity, often less than 5 per cent., of ash. The ash is often 
white. Most of tho coals from the inland counties readily show white lines on the 
edges of the beds, owing to tho pressure of argillaceous cs^, which efiloresccs. In 
this respect they are less adapted for general use than the Newcastle coal, but many of 
them arc of excellent quality. 

Steam Goal. — ^Next in order to tho coals of tho midland counties generally, 
are those of some parts of North Wales, and many districts in South Woles, whi<^ 
contain a larger per centoge of carbon, very little volatile matter and bitumen, and often 

* Specimens of the so-called Boghead obtained from Jorbano hill, yielded on analysis as 
much as 73 per cent, volatile matter, and upwards of 20 per cent, of earthy ash. Other specimens 
yielded from 32 to 88 per cent, of earthy ash. In these cases from 27 to 43 per cent, of residuum was 
obtained on distilling off the gas, but of this from 75 to nearly 90 per cent, was earthy and ineom- 
hustible, so that the material did not yield an available coke that could he used as fael. 
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but little ash ; wbicb bum, bowcyer, frocly and without smoko, and aro well adapted 
for stoom purposes and tho maniUacturo of iron, or where a strong blast and great heat 
are required. Such coals exist not only in England, but in France, Saxony, and 
Belgium to some extent. They are apt to be tender or powdery, dirty-looking, and of 
comparatively loose texture, but they often stand exposure to the weather without 
alteration or injury. They ore called steam coals, and tho inferior kinds are known 
as culm. They contain of carbon 81 to S5 per cent., of volatile matter 11 to 15, and 
of ash 3 per cent, or thereabouts. 

Anthzacitei—The last kind of coal is called “ anthracite,” and it consists almost 
exclusively of carbon. This coal is also called non-bituminous, as the steam coal is 
semi-bituminous. The anthracites contain from 80 to upwards of 95 per cent, carbon, 
with a little ash, and sometimes a certain small per centago of volatile matter. They 
ore heavier than common coal, toko fire with difficulty, hut give an intense heat when 
in full combustion with a strong draught. Anthracites occur abundantly in tho western 
part of South Wales, in the south of Ireland, in France, Saxony, Russia, and in 
Pennsylvania and in North America, and the use of them is greatly on (lie increase. 
Amongst other uses, this kind of coal is employed in hop and malt dr^-ing, and also in 
lime burning, with great advantage, hut its chief use is in tlio manufacture of iron. 
The appearance is often bright, with a shining irregular fracture ; the coal is often hard, 
but some varieties arc tender and readily fractured. The ash of tho anthracite coal is 
generally white. As a general rule, the anthracites aro deficient in hydrogen, but con- 
tain a certain proportign of oxygen gas. 

3&elatiwe Talua of Goals.--Tho following table represents tho weight of water 
evaporated by one pound each of several principal varieties of coal, and is, therefore— 
other things being the same— a good index of tho relative value of these fiioLs 


lbs. 07.. 

Common Scotch bituminous coal 5 14 

Hastings’ Hartley main, Newcastle 6 l l.{- 

Carr’s West Hartley, Newcastle 7 6 

Middling Welsh anthracite 7 16J 

Merthyr bituminous coal, South Wales . . . .80 

Llangencch steam coal, Ho 8 14 

Cameron’s steam coal, Do 9 7J 

Pure Welsh anthracite, Do 10 8^ 


Age of Coal.““Tlic geological ago of coal is certainly not a matter of great import- 
ance, except in such districts as have been long known, and in which experience has 
shown that there ’is only one carboniferous series. Thus in England, France, Bel- 
gium, and generally in western Europe, the middle pnlajozoic period is the only one 
that contains thick and valuable hods of mineral fuel. Thinner and less valuable beds 
occur in the oolites, and lignites arc found in rocks of much more modem date. Many 
English engineers, and even geologists, have hence come to the conclusion that 
coal did not exist, or was valueless, except when thus placed. Such a conolusion was 
partly home out by discoveries in North America, where tho chief deposits arc of the 
same age as with us. There is, however, a great exception in tho Richmond coal 
field, Virginia, which contains a fuel quite equal to many of those in common use, 
and is of the oolitic period. In India the exact ago of tho coal is not yet clearly 
determined; but everything points to the conclusion that, compared with tho carboni- 
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ferous period, it is extremely inodern, perhaps, tertiary. In Australia, the ago of th^ 
coal is also still doubtful. ln.a word, mere geological age is no guide in a new country, — 
the quality of the mineral, and the nature of the associated rocks, being the points that 
require cldef investigation. Coal fossils of every kind are at present too litt^p brought 
into relation with existing forms of vegetation to allow of their being referred to as 
evidence, except when placed in the hands of accomplished botanists, who havo made 
extinct species their special study. 

Poaitioa of Coal.— These remarks as to its condition arc necessary to enable the 
student to understand fully the peculiarities of position in reference to coaL The beds 
of this material, as they exist now, include a singular variety of appearance, magnitude 
and condition, being sometimes perfectly regular over \gido districts in nearly hori- 
zontal strata, and, ns already experienced, of various thickness. Sometimes several 
hundred scams will be found, all parts of the same great scries, and separated by 
thousands of feet of sandstone and shale; while occasionally there arc only a few 
thick or thin beds, associated with masses of boulders, and barely covered up with 
thin deposits of little importance and of doubtful age. In one place we find the 
uniformity of certain scams so great, that in sinkings made through the strata at 
distant points the order can be recognised, and the particular part of a known field at 
once determined; but on the other hand it may happen (though not often in England) 
that in the same mine the thickness of a bed of coal is so variable, and the coal itself 
so irregular, that it would bo impossible to imagine any relation between ‘two not very 
distant points in the scam, if the workings were not continuous, and the mineral from 
one point actually continuous to another. A seam of coA sometimes terminates 
gradually, by tbinning out to a mere line, and sometimes abruptly by a sudden break ; 
while occasionally it becomes split asunder, and the upper and lower parts thin away, 
and arc almost lost. Tho former cose, that of gradually thinning out, shows a lens- 
shaped condition of the coal ; whilo tho latter, sometimes called a Aorsey shows the 
intrusion of a mass of clay or sandstone of the same shape between two parts of a 
ooal seam. There is also sometimes an abrupt termination of the bed, cither marking 
some local disturbance by which the coal has been removed to a distance above or below, 
or the result of on ancient denudation, by means of which the coal was formerly partly 
worn away by exposure, either being pared off by thft direct action of the waves, or 
undermined and removed when soft underlying clays havo been acted on at the foot of 
a cliff. Besides these cases, liowevcr, the coal is sometimes suddenly curved up and 
disappears for a time, as if an obstruction bad existed at the time of deposit, and the 
vegetable mass bad collected round it. 

Faults.— With these remarks as to those occasional modifications of a coal- 
seam which naturally produce an appeoraneo of irregularity, wo may pass to the 
consideration of mechanical disturbances ouch as havo produced the basin-shape 
characteristic of some coal fields, or, in a similar way, have brought over and over again 
to the surface many deposits whose dip would soon cany them out of range, and occa- 
sionally have so broken and destroyed particular districts as to deprive a locality of that 
value which would othcr^so hove belonged to it. The seams of coal arc generally 
separated from one another by beds of sandstone, clay, and shale, known by various 
local names, and occasionally by bonds of ironstone and oven limestone, which have 
naturally been differently affected by subsequent mechanical disturbances. Dwing 
the process of drying, all havo contracted, but each in its own way ; and thus the simpleBt 
condition is that of a number of cracks or crevices formed, which do not fireely com- 
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municate with one another, but still have so far afiEectcd the general moss as to pre- 
dispose them to fracture when upheaying forces acted. An illustration (see Gut) 
win be useful in showing the result of such upheaying force, which, howoycr, is 
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rarely carried to the extent there indicsitcd. In the cut, h represents the coal 
measures ; underlying and older stratified rock ; and «an intrusiyc rock, such as 
basalt or porphyry# The latter, in being elevated, has lifted the stratified masses, and 
broken them. Some parts ore greatly tilted in one direction ; others also tilted, but in 
the opposite direction ; while others between them are merely lifted more or less, 
without their original librizontal position being greatly affected. Water often finds a 
free passage through these crevices, while sometimes they arc filled with clay, preventing 
the passage of water from one side to the other. The beds are often discontinuous on 
the two sides of a crevice ; and the disturbance is then termed a favU^ irouhU^ or 

It is often imagined by English colliers, especially those from the northern coal fields, 
that the existence of faults is an inevitable consequence of the very existence of true 
carboniferous rocks ; and wo find them alluded to by some writers as providential 
contrivances for the repetition of coal beds, so as to make them more available to man. 
A more extended knowledge of the subject shows that some of the largest and most 
valuable coal lands have either.no faults at all, or so few that they neither interfere 
with the workings nor repeat particular scams of coal, which indeed arc quite as often 
thrown out of reach as brought back by such results of disturbing force. The inclined 
position of the seams is another matter by no means universal, and the depth of the 
better kinds of coal, considerable in England in most cases, is much less in other coun- 
tries ; while in the great coal fields of America some of them arc altogether above the 
water level, so far as effective w'orkings ore concerned. 

Faults, however, are realities in English coal-mining, and require grave considera- 
tion. Taldng the simple case represented in the annexed cut, solnc of the laws of faults, 
and their consequences, will be easily comprehended. In this cut, the tliick black 
lines inclining to the right represent beds of coal, and the lino more highly inclined 
and to the left the fault The beds on the right side of the crevice or fault have in this 
case been lifted, and the fault is hence said to be upcast^ or upthroum in that direction. 
This is true probably in the abstract, but when in working the scam in the usual way 
on its rise this fault is met with, tho beds would appear to bo thrown down to the 
left instead of being lifted to the right, and it would bo spoken of as downctut^ ot n 
downthrow in that direction# In reality, as elevations of strata are fax more likdy to 
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occur than depressions in connection with these disturbances, the upcast is generally 
the correct description ; but, practically, faults are spoken of as they are found, so that 
the same slip would 
be upcast in one mine 
and downcast in an- 
other if reached from 
opposite points. Tho 
important point to 
observe is the direc- 
tion of tho fault ; for 
if that inclines, as in 
the case before us, to 
the left, the beds dip- 
ping to the right, it 
will follow that the 
angles matlo by any 
one of the beds in its 

, - FAULT IN A COAL FIELD. 

two positions (before 

and after fracture) with tlieffault will be two obtuse angles, and thus a rule is obtained 
for following the seam. The practieal rule is, that if the fault makes an angle less than 
a right angle with tho bed of coal, the coal must bo looked for at a lower level on the 
other side, being downcast in that direction ; if, on the contrary, the angle is greater 
than a right angle, the coal will be at a higher level or upcast. It must bo observed, 
that tho distance to which the coal is heaved is not at all indicated by tho nature or 
direction of tho fault. 

The crevices separating broken beds arc sometimes filled with material drifted in 
from above, and sometimes with spar, soft day, water, or even gases and powdered 
coal. Crystallized metalliferous minerals, such as galena, arc also found. Many faults 
occur in which there is no perceptible interval between the walls. 

Pykes .—Coal fields ore intersected in various places by rocks apparently of igneous 
character, and called whinstone, greenstone, and basalt. In such cases there is often 
much evidence of chemical action, which has been attifbutcd to heat. 'Whether these 
dykes W'crc really in all cases intrusions of lava may perhaps admit of doubt ; but the 
appearances are peculiar and striking, and worthy of special notice. For this puiposc, 
a short notice of a remarkable whinstono dyke in tho county of Durham will be 
interesting and instructive. 

The dyke in question is of solid greenstone, ten to twenty yards in thickness, nearly 
vertical, and of unascertained depth. It is traceable to a distance of seventy miles, 
running in a south-east direction. The effect on tho coal is thus described by Mr. 


'W’itham, in the Transactions of tho Newcastle Natural History Society : — “ 'Within 
fifty yards of tho dyke the coal begins to change. It first loses the calcareous spar, 
which occuiu in tho joints and faces, and also loses its quality for burning. As it 
comes nearer it assumes iho appearance pt half-burnt cinder ; and approaching still 
nearer the volcanic mass, it grows less and )css in thickness, becoming a pretty hard 
cinder, and only two-and-a-half feet thick ; eight yards further, it is converted into 
real cinder, and more immediately in contact with tho basalt. It becomes, by degrees, 
a black substance colled swart, resembling soot caked together — ^thc scam of coal being 
reduced to nine inches in depth. There is a large portion of pyrites lodged in tho roof 
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of that part of tiie scam which has boon reduced to cinder. On each side of the dyke, 
between it and tho regular strata, there is a thin gut or core of clay, about six inches 
thick, which tiuna the rain-water on the rise side, and forces it to the surface, forming 
numerous isprings as it traverses the country. TIic coal deteriorated by tho greenstone 
dyke, is twenty-five yards of bad short coal, half reduced to cinder ; sixteen yards of 
cinder ; and ten of sooty suhstancc.” 

If a similar eficct has hern produced on the rise side, of which there is little doubt, it 
will make altogether upwards of one hundred yards of coal rendered imfit for colliery 
purposes. The dj'ko itself at tliis point is eighteen yards in thickness : water-worn 
stones have occasionally been found embedded in the solid coal in tho main seam.* ** 

Other dykes of smaller raagnitude arc common in particular districts, but rarely 
range beyond tlicm. They arc occasionally connected with faults of enormous magni- 
tude, but sometimes are independent of disturban(.'es. The extent to which hods arc 
faulted, or removed asunder in vertical distance after being broken, may be said to 
range between a-tenth of an inch and a thousand fathoms ; hut in coal fields a few 
fathoms is as much as is usually mot with.f They are often repeated several times 
within a short distance, producing a condition technically called broJeen ground^ greatly 
interfering with the profitable working of the seams. 

Tho width of faults in ordinary eases is small ; hut even those not filled up with 
altered rock arc sometimes separated many fathoms. In such cases considerable 
practical difficulty is experienced in conducting workings and rc-discovering tho lost 
scam of cool. 

Coal Sectiono.—Coal is so differently circumstanced in different coal fields, with 
reference to the associated rocks, that a few words as to coal sections may be useful. 
These arc extremely valuable for comparison in the some districts, but equally liable 
to mislead when supposed to he generally applicable. There is really no necessary 
resemblance whatever in the beds associated with coal, in different districts; nor can any 
deduction bo drawn, except in tho most general way, from tho presence of those shales 
and grits which, in particular eases, in England arc regarded as almost infallible guides. 
No doubt, a certain amount of mud and sand is usually, though not always, connected 
with coal seams ; and thin beds of clay, containing the rootlets of trees, arc often found 
immediately underlying coal, and when present may be regarded as showing a proba- 

* Hr. Francis Forster, in 1830, published an investigation of the nature of the several spcclmeas 
of basalt, coal, &o., from this dyke, of which the following arc extracts 

** The basalt is light gray, fine-grained, and compact, interspersed with crystals of felspar— specific 
gravity, 2*672 ; losing cigiit per cent, in a strong air furnace heat, and becoming fused into a brown 
glass. The coke, or -carbonized coal mixed up with the basalt, is extremely hard, fracture uneven, 
gray, mixed with irregular streaks of carbon ite of lime and sulphuretof iron— specific gravity, 1*037 ; 
that of the coal whidh it represents being 1*27. The coke, when reduced to powder and calcined In 
a strong red heat, leaves twenty»thrM per cent, of heavy incombustible powder of a reddish colour* 

** It is remarkable that the coal, alt^ugh reposing immediately upon the ten-feet beds of bofalt, 
should retain the above properUes. 

*'The ten-feet stratum of ca^bdnlxed coal— spccifle gravity 1*060— when calcined in a strong red 
beat, are thirty-five and a half per cent, of a dirty white powder, chiefly sUiclous, containing a 
minute proportion of iron.’* 

, The principal fault in tho Newcastle coal Adds is from 00 to 130 fathoms pcrpendicular^ and Is 
regarded as a daten throw. It brings into workable position, a second time, several important seams, 
cropping out near Newcastle.' Two other main faults traverse this district; one of forty fathoms, 
and another of twenty-five. There Is no basalt or altered rock connected with these remarkable 
fkulti. 
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bility of the ezistenoo of coaL Thcso arc usual, but aometimos the coal is merely 
embedded with conglomerates of the coarsest kind and most irregular composition, and 
in these cases it may repose on granite or gneiss and not present any covering of newer 
rocks. Thus, the red meaeitres ceasing to guide the miner above, and the Umcatono or 
millstone grit below, there remain no sufficient means of identification. 

bonstone and Fyrites.-'Many scams of coal, and indeed most other deposits, 
either contain, or are near, some form of iron. In most cases tjho oxide of iron colours 
the sandstones and clays ; occasionally it fills veins immediately adjacent, and some- 
times it collects into bands of impure iron ore. Elsewhere, the same metal, 
combined with sulphur (iron pyrites), appears in thin bands, alternating with or 
actually embedded in coal ; and occasionally Lands of iDnstone (impuro argillaceous 
carbonates) altcmato with the coal, and may be extracted at the same time. The 
latter aro extremely valuable, and in large districts in England and Scotland afford the 
principal ore of tho metal. They may be regarded as segregated nodules in clay. The 
former condition, that of iron oxide in veins or bands, is comparatively rare in this 
country ; *but the ore is richer and more valuable. The iron pyrites, wherever it 
occurs in coal measures, is at the best valueless, and often extremely misebievous ; as, 
by tho decomposition of the mineral on exposure to moisture and oxidation, a consi- 
derable amount of heat is Hbcratcd ; and spontaneous combustion has often token place, 
cither in tho heaps at the mouth of tho pits, or in vessels or stores, when a considerable 
quantity of damp coal is thrown together. There is no more important inquiry, in 
Toforcnco to coal measures, than the condition of the iron, and tho increased or dimin- 
ished value thence arising. 

Tho iron stones of tho coal measures usually consist of irregular bands of detached 
nodules, a few inches in thickness. Some of these average three to four hundred 
weight to tho square yard, and contain from 25 to 80 per cent, of iron. The richer 
bands of tho same kind from Staffordshire, Worcestcr^irc, and Shropdiirc, are heavier 
and more regular, and yield 40 per cent, of metal ; some of them being two feet thick. 
Tho Hack band of Scotland varies from fifteen or twenty inches to five feet in thick- 
ness, and resembles the black shales common in tho coal measures. It is widely 
spread, easily calcined in heaps with waste coal, and when roasted yields as much as 
60 per cent, of iron in a calx easily melted in the furffiicc. Tho other ironstones not 
belonging properly to tho coal measures do not here come under consideration. 

Open Woxlui.'-Coal scams, alternating with other rocks of whatever kind, arc 
•easily recognised at the surface, and their position underground must be estimated by 
calculation. If they appear nearly horizontal, and are above the level of tlie water in 
the adjacent country, they may be entered at once, or tho coal can be removed by a 
process analogous to that of quarrying. This is the simplest mctliod of coal mining ; 
and, though rare and exceptional in tlio British Islands, it can be adapted with great 
advantage in North America and in some of tho most valuable coal fields of France. 
The discovery and working of the coal under those circumstances is very inexpensive. 
More usually, however, the beds of coal, though coming to the surface, dip into the 
earth, and at a moderate distance from tho outcrop cau only be reached by sinking pits 
often to gpreat depth, and then performing many costly wiining operations dependent on 
tho nature and 'thickness of the coal, on the amount of its dip, on the extent to which 
it is faulted, and on the pcculiaiitiea of atructuro and condition of tho sandstones, clays, 
limestones, or conglomerates alternating with the coal seams. There are thus several 
modes of coal mining, each pursued in some particular district, and each containing 
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xnoro or less of general principle, which the student in this department would do well to 
leam. 

The original discovery of a coal seam is not difficult, and is generally made on some 
natural e]q>08ure on a diff, in a valley, by a stream, or wherever — in a word — the 
surface coating of soil being absent, the underlying rock can be seen. At the surface 
the bed is often weathered and rotten, and litde indicative of the importance of the 
mineral wealth present. The discovery once made, if the coal seam is horizontal, and 
above the level of the water, it can be entered at once, and a considerable quantity of 
coal extracted. This is the casj on the banks of the Ohio and its tributaries, in the 
neighbourhood of Pittsburg, and elsewhere in the same field. Something of tho same 
condition may be found in tko thick scams now worked at Aubin and Decazeville, in 
the department of Aveyron, Central France. In the latter case, indeed, the vast thick- 
ness of the principal scam (one hundred and fifty feet), and the thin coating of soil 
and rock above it, has rendered it possible to commence open workings after removing 
the superincumbent rubbish. In the former, the works are carried on by means of tunnels 
burrowed into the side of a hill, commencing at some point where the coal has been laid 
bare half way up the steep banka of a river. The coat of working is, in cither case, ex- 
tremely small, and should hardly exceed a shilling or eighteen-pence per ton at the mouth 
of the tunnel. Such a tunnel or gallery is called, in mining language, a Uve/ or adit; 
and the cool being pierced by one such level, and cut into by others, driven through 
to right and left, a large quantity can be readily obtained with very little difficulty. 

Deep Workiiige.--‘In the case of deep coals it is certain that no general rule of 
working can possibly be applied to all ; and each individual seam, and group of scams, 
must be dealt with according to the thickness of the cool, its dip, or angle of inclination 
to fho horizon, its hardness or tenderness, the quantity of gas exuding from it, tho 
nature and extent of the faults, the nature of the roof and floor (or beds immediately 
overlying and imderlying), the depth from the surface of the workings, and many 
other circumstances. 

Still, notwithstanding these points, there are distinct methods, some one or other 
of which is more applicable than others in each particular case. The method of working 
highly inclined scams (edge coals), is different from that used when the coal is hori- 
zontal or nearly so ; the methud when the roof is bad and leaky, the coal near the 
surface, free from gas and thick, and the property of moderate extent, is also different 
from that required when the scam is of average thickness (not more than ten feet), 
with good roof, deep, and abounding with gas. A riiort description of the preliminary 
processes of boring and sinking, which are required’ whenever tho coal lies deep, and 
of tho principles involved in tho different methods alluded to, will afford sufficient 
illustration of coal mining for the purposes of this treatise. 

Bozliig is an operation not peculiar to coal mining, though largely used for that 
purpose as a preliminary to sinking, in doubtful cases. This process removes a wwall 
portion of tho rodk, and enables tho material to bo observed, and a correct opinion 
obtained as to the feeders or springs of water pierced. It is not expensive for moderate 
depths, but tedious and costly when carried down beyond fifty fathoms of ordinary 
ground. Several borings are desirable in an untried field, in order to obtain a fair 
opinion as to the direction and amount of the dip, tho presence of faults, tho thinbnnaft 
of the coal seams, the nature of the roofr, &c. ; and also in an old and partly-worked 
district, when former workings are suspected to exist, but are not accurately known, 
ai^ are supposed to be diaiged with gas or water. 
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Sliall Sinking. — When the position of a coal seam has been determined, or is 
known, and some idea of the property obtained by boring, it is necessary to sink a ^aft 
to reaoh or win the mineral* When the distance to bo sunk is inconsiderable, and the 
dip small, the position of the pit is of little importance, particularly where there is no 
amount of water to be apprehended, and nothing unusual in the rocks to be gone 
through. A pair of pits should then bo put down at once, and the diameter of each 
need not exceed eight or nine feet diameter, unless, indeed, pumping is likely to be 
required for the removal of water. In this case the engine shaft must be somewhat 
larger. W'hcre tho coal is deep, the sinking expensive, and much water likely to be 
met, the expense of two pita has sometimes been regarded as too great, and one large 
shaft of fourteen or fifteen feet resorted to, a division being made in it by wooden par- 
titions of great strength, technically called brattices. It is hardly considered good 
mining, at the present day, to sink a single shaft under such circumstances ; nor is it 
altogether justifiable, as tho danger, in case of accident from any cause, is far greater 
than when two arc adopted. 

Tho dSpth of existing shafts extends, in some few cases, to as much as three 
hundred fathoms. One hundred fathoms is, however, a depth below which it is not 
often required to go in order to reach coni in a known coal-field, where the works ore 
not of an unusual character. In such case, great hardness of tho rock, the presence of 
soft sands and unsound rotten clays, or a large body of water, are tho chief causes of 
cxtraordinaiy expenses in the operation. 

When a sinking has been carried on through the vegetable soil, and alluvial or 
diluvial covering, and has reached the actual rock (the stone strata, fCs they are 
sometimes called), water may be expected, and may come cither from surface springs 
depending on the seam and tho surrounding country, or from partial feeders which 
gradually decrease and ultimately die out, or permanent feeders connected with large 
areas of drainage, and remaining unaltered for years. These latter must, at any expense, 
be stopped back, and not only prevented from entering the shaft at the time, but from 
•draining down into the mine when the shaft is ultimately completed. Every important 
feeder, or spring of whatever kind, must, however, be carefully kept back in a shaft 
intended to work a deep and important mine, and a large property. 

Tubbing. — ^Thcrc are several kinds of stopping ouf water, or tubbing^ as it is called, 
commonly used. Stone tubbing^ which involves merely a water-tight stone waU, jointed 
and fastened at tho back with cement, and answers for light pressures, but is not to bo 
trusted in important works ; Hank tubbing^ often adopted in old mines, and capable of 
being mode very strong ; Solid wood tuhUng^ a great improvement on planks; and Metal 
tubbing^ now commonly resorted to, and far the most efficacious. The wooden tubbing was 
usually completed with two and a-half or three inch deals, and would, Avhen fresh, bear 
a pressure of one hundred pounds to tho square inch, . Exposure, however, frequently 
injured it. In all casci^ the foundation of a permanent tub should rest on a water-tight 
stratum. 

Tho present mode of tabbing with segments of cast iron, is both more rapid and 
more efficacious than any other. Tho siso and thickness of the iron varies according to 
the expected pressure ; haty generally, the length is from three to four feet, the height 
two feet, and Ae thickness about on inch, or even more in serious cases. The segments 
arc fitted by overlap flanges at each end. During the time that the tubbing is being 
fitted, tho shaft has to bo kept dry by pumping. This is often a very serious difficulty, 
os may bo supposed from tho fact that many thousand gallons of water per minute may 
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havo to be lifted the whole loiig:th of the shaft. The tubbing, when well constrneted, 
is perfectly efficacious, and the shaft left completely dry for further sinking. In certain 
cases, however, the sx)Ting8 of water thus kept back ai'c charged with mineral salts, 
and are c^stremely corrosive; and here the iron in time becomes altered, and even 
changed into a kind of impure plumbago, sufficiently soft to be cut with a knife. VHicn 
thus weakened, the tabbing has occasionally given way, letting down the w'ater and 
drowning the mine. Several springs are firequently met with in sinking to a deep 
recovery. Each of these has to bo treated separately, and tubbed out independently. 

Plans of Working. — AVc may now suppose the collier so far advanced as tobavo 
reached the seam of coal he is about to work, and it remains only to remove the mineral 
from its position in the bed^and bring it to the surface fit for use or sale. There are, 
however, several ways of proceeding, each of which has its advantages, and is adopted 
in some particular district; and wo must consider the essential features belonging to 
those of most importance. 

It may, indeed, be thought strange that any great difference should exist in the 
mechanical contrivances for removing a mineral which everywhere posscsscb the same 
general characteristics. But, in the first place, coal differs exceedingly in thickness, in 
the facility with which it is worked, in the abundance of inflammable gas given off, in 
the power of resisting pressure, and in many other points of importance. Besides this, 
the roof and floor vary extremely ; the depth of the superincumbent mass is in some 
mines far more considerable than in others ; and the style of working must even depend, 
in some measure, on the magnitude of the property, and the niunber of acres of coal to 
be extracted. Thus it is that a plan of w'orking is reaUy essential, and the object of 
the plan will be, to get as much as possible of tho cool in a largo state (called round 
coal) at os low a cost as *can bo contrived, and without running a risk of the re- 
maining coal being crushed or injured by the subsequent falling in of tho roof. 
'Where possible, almost tho whole of the coal should ultimately be obtained. 

The methods of working adopted in England may be grouped into throe, which, 

' liowGvcT, arc often combined. These arc-^r^f, tlie pillar and stall, or bord and pillar, 
adopted in the Newcastle coal-field ; »emndly, the long wall, os adopted in Derbyshire, 
and some parts of Yorkshire ; and, thirdly^ that employed in South Staffordshire for 
working the thick coal. Of these, the former is by far the most completely developed, 
and admits of the most perfect ventilation, hut it is not so economical as tho second. 
Tho third is only a modification adopted when the coal is too thick to be got out -by 
one level. The principles involved in each method are cosily explained. 

In working by Iho bord and pillar, tho coal is at first got only from comparatively 
narrow galleries, -parallel to each other, cut through the coal on its rise ; and others, at 
intervals, intersecting them at right angles. Thus tho whole of the seam of coal within 
the property worked is reduced.^, large rectangular piilaTS between these galleries, the 
pillars being left to support the roof. The shaft being supported by sufficient coal all 
round, and the roads also protected in a similar way, the mine is safely worked in this 
fashion ; and afterwards, by cutting the pillars through and at last removing them, 
replacing the coal for a time by stout wooden props, which axe also ultimately removed, 
a large per centage of tho coal is got away, though in most part of tho pillfuns it is too 
much crushed to yield round coal. There is thus a considerable loss, wd the roof ia 
loft to fbll after the coal is removed, thus producing a broken hollow, like an inverted 
funnel, technically called or else allowing the surface to sink in wliat is known 
9B9kcnep, 
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Of lato years all largo mines have been worked in panels, or divisions, shut off from 
one another by a sufficient thickness of coal to prevent an accident from extending 
beyond one panel, and allowing of better regulation of the ventilation. When the 
great magnitude and importance of ventilation in a coal-mine is taken into ajfcount, the 
value of this modiiication will be felt to bo very great. We shall have occasion to recur 
to this subject. 

By Uio long wall method the whole of the coal is got at one operation, either by 
working from the shaft towards tlic rise of the coal, and making safe roadways through 
the fallen roof by strong stone continuous pillars, or by driving first to tijm extremity 
and working the cool back tow'ards the sliaft, leaving the goaf, or rubbisn, of fallen 
roof behind, and neglecting to keep roads through thg goaf. Where the goaf is 
not dangerous from the i^rcscnco of gas, and the roof will admit of it, this method is 
both economical and efficient, as the whole of the coal is at once removed on a long 
face, and is not subject to the partial crushing that takes place when pUlars arc left. 

The thick coal is worked in south Staffordshire, and the neighbourhood, in a very 
irregular ^ode. Small pillars are left at irregular intervals, and sometimes these 
pillars arc i*cmoved ; but in all coses there arc walls of eoalleft at moderate distances 
apart. The coal in this district is parted by thin bands of clay, but the whole is 
removed. In all these casps the general system of working, when the coal is reached, 
is in some respects the same ; a deep groove being cut into the bed at its lower part, 
and the rest thrown down, either by wedging or blasting. 

NomIous Gases. — ^Thcro are causes of danger and expense in coal-mining which 
ore, to a certain extent, independent of the ordinary mineral and geological condition of 
the measures, but which often require the application of great experience and engineering 
knowledge. Each of these also may be regarded as capable of affecting, in almost any 
degree, the value of coal property, and modifying the style of working. The faulted 
structure of carboniferous rocks, already alluded to, is one of these; and aknowledge of 
the systems of faults tliat exist m a coal-field is of extreme importance to the scientific 
viewer,* and should bo tbo object of bis careful and never ceasing study. Coimected 
with this is the question of w'atcr, also vitally important, both as involving manage- 
ment in sinking, and in subsequent pumping from the bottom, whore sometimes there 
arc large feeders tapped. But the fact that many kinds of coal not only yield large 
quantities of light corburetted hydrogen gas on distiUaiion, but oxudo such gas on 
simple exposure, especially 'when recently laid bare and remaining under pressure, is 
for more important, as involving the necessity of careful ventilation through aU the 
workings, and, in spite of all core, becoming the fertilo source of some of the most 
frightful accidents by which human life is destroyed. 

The gas thus referred to is called by miners Jire-damp^ or simply damp, and is only 
met with in mining certain kinds of cool. It is especiaUy abundant in Newcastle 
coal-field; and this, combined with other causes of diilf^ty and danger, has rendered 
it necessary to bring to bear in that district the greatest amount of skill and caution. 
Elsewhere what is called ehoke^damp prevails, this being carbonic aeid gas; and it is 
not unlikely that other gases axe mixed ih>m time to time with these. When it is 
remembered that a large number of men, and, often many horses, are employed under- 
ground, and that frequently there axe of imderground passages and hundreds- 
minera without moro than two or three ahofts communicating with the upper air— and 

* The engiMer who is responsible for planning and superintending coaLminiag operatlona, both 
above and underground, is technically called a eisiosr. * 
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these only chimneys, many hundred feet long, and of small area — no one will be 
surprised that the air becomes vitiated, and that a small addition of foul gas renders it 
undt for the support of life. 'Where, however, gas of whatever kind comes off with 
any degrep of regularity, the mechanical means of ventilation commonly adopted, and 
which will bo presently described, arc siif&cient. It is only when there are sudden, 
unexpected, and large jets of gas instantaneously poured forth, and when this gas, 
niLved with common air, becomes highly explosive, that the real danger arises. 

Fire-damp.-~It has been already said that gas, such as is commonly burnt to light 
our strccts^d houses, issues from a freshly-exposed surface of cool in the mine. This gas 
is much lifter than common air, and when first liberated remains in the hollows and 
irregularities on the roof adjacent. But it soon mixes with the air around; and when, 
either from faulty ventilation or excess of gas liberated, the quantity of gas amounts to 
or exceeds one part in fourteen of the atmospheric air, the mixed air thus produced 
becomes highly explosive. If it continues in this dangerous state, the air in a large 
part of the mine may become similarly explosive ; and on contact with naked flame it 
suddenly takes fire — the result being the production of a large quantity ef carbonic 
acid gas, and a little aqueous vapour, the whole absolutely and immediately fatal to 
existence. Thus a coal-mine accident from explosion is not only a fearful risk to all 
those within the limits of the scorching flame, but certain d^ath to all who ore exposed 
to the poisonous gas that remains. The issue of the gas in the mine, in the ordinary 
way, is recognised by a peculiar hissing, or low singing noise, distinctly heard when 
other noises arc quieted, and even recognisable sometimes when several people arc 
talking together. This noise varies in different mines, and seems to bo affected by 
atmospheric conditions, increasing when the barometer falls, and diminishing when it 
rises. The quantity of the gas thus given off varies considerably, — some mines becoming 
dangerous if the ventilation is checked for a very few hours; while in others, where 
the singing is not less marked, many days would bo reguired to produce this effect. 

It is not quite clear whether the gas comes off in this case from the whole of the 
exposed surface, or only from the edges between two of the thin films of which each 
stratum is made up ; nor is the exact nature of the gas evolved in all eases the same. 
But these are points that belong rather to the chemistry of the subject, and which need 
not here be discussed. The important matter of fact in the coal-mining question is 
this, that in certain mines a gas is given off, which, on mixture with atmospheric air, 
becomes explosive; and it may give an idea of the extent to which this ordinary issue 
may extend to mention that, in an instance on record (the first workings of a seam in 
the celebrated 'VV’allscnd pit, near Newcastle-on-Tync), the coal actually gave off 
sufficient gas to have lighted the pit. In this ease small holes might be drilled in any 
part of the solid coal; and on sticking a tin pipe in the aperture, and applying a light, 
a flame was produced, — so that the whole face of the working was, as it were, a gas* 
pipe ; and when shots wero flzed for blasting the coal, the gas was generally flred at 
the same time without explosion. 

Now whatever be the quantity of gas given off from the pores or edges of the coal, 
the ventilation of the mine ought, under all circumstances, to bo more than sufficient 
to carry it off. If it is not, the danger is so imminent that it can scaredy be con- 
sidered less than wilful exposure to destruction to proceed to work in the mine at all; 
for the di^test derangement of any part of the apparatus for ventilation is then almost 
oertainly follovmd by an accident. But these extreme cases are rare ; and there is 
generally no difficulty in contriving a ventilation which diall carry off the quantity 
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ordinarily liberated. The dangerous part of forking a mine is often not considered 
to haYO commenced in this early sta^'Of tho irorks; and it is usual, in woridng tha 
whole coal, to use only open candles, in spite of ride. It is an important fact, that, 
notwithstanding this opmion, numerous accidents on record have happened ^hen the 
workings were in this state. 

There are, howeyer, other cases in which the gas is liberated not so contmuoudy as 
in that just alluded to, and in a much more dangerous way; < these unhappily can 
scaredy, if at all, be guarded against, and seem beyond the ch^e of improyement by 
any methods of ventilation. 

It maybe considered as a principle in coal mining that the ordinary ventilation 
should carry off the constant issue of gas without allowing to accumulate and become 
dangerous ; but from time to time it happens that at some crack in the coal seam, or 
some fault or slip, often quite insufficient to derange the general plan of working, there 
proeecds suddenly, without warning, and apparently without any cause, a puff of gas, 
which will continue sometimes for a longer and sometimes for a diorter time, and 
sometimes perpetually ; everything about this being uncertain, and therefore not to be 
provided against. A remarkable -instance of this kind, the result of whibh was an 
accident by which ten persons were killed, took place, a few years ago, at Eillingworth, 
in a very extensive and longb'Worked pit, on the north bank of the Tyne. The parti- 
culars of this accident are interesting and instructive, as it occurred while working the 
whole coal, with open lights, in a mine under the management of Mr. Nicholas Wood, 
one of the most eminent viewers in the kingdom. 

miingworth Accident. — In this case, the immediate cause of the accident was 
traced to a small fault, whidi had been reached some time before, but which had sud- 
denly (between the going off of one set of men, and the coming in of another) liberated 
a largo quantity of gas, and filled a space of about two hundred cubic yards with highly 
explosive gas. The roof was haid, and the crack barely sufficient to allow the hand to* 
be put in it. The explosion took'place in consequence of the foolish advance of a boy, 
with a lighted candle, who preceded the man whose business it was to observe the state 
of the workings. All the party were killed, and stoppings or walls were blown down, 
consisting of two ten-inch brick walls, and a series of five alternations of one yard of 
rubble waU, and four feet of rubbish, to a total thicknes% of forty feet. The gas con- 
tinued to issue rapidly, and for thirteen days after the accident mi^t have been lighted 
and burnt. At that time, indeed, it was impossible to approach the scene of the explosion 
within several yards with a lighted lamp, as the atmosphere contained too small a pro- 
portion of oxygen to support flame. 

It will be seen that the danger was here absolutely impossible to provide against^ 
os increased ventilation would, if anything, have increased the evil, and no ventilation 
could have been so contrived as to cany off a sudden addition of so large a quantity of 
gas without forming an enormous quantity of explosive mixture. On <ho other hand, 
the immediate cause of the accident was carelessness of the grossest kind on the part of 
the man, whose chief duty it was to go first to see whether danger existed. Had he done j 
this, he would have been able to discover the state of the workings, and might have | 
prevented the accident by giving timely wamipg to the men bringing open lights; 

Goaf.— Another cause of danger, whioh has not been provided against, but which, 
though undoubtedly very serious, d^s not appear to have been followed by many 
aocid^ts, consists of the accumulation of gas in those broken roofs of the mine which 
ore known locally under the name of goaf. 
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Jhe foaf is Hie mult of a peculiar mode of vorkiiLg the coal« by which the roof 
«of BttndatoBe or shale is allowed to fall by degrees. It ^ould be stated, howerer, that 
tiwrc are three distiact methods of worki^, in which a goaf occurs— namely, the leaving 
a goaf entirdy behind, leaving it partly bdiind, and leaving it in the middle of the 
works. * The opinions of practical men in the north arc still divided as to the relative 
value relative danger of theso methods ; but the ventilation that would zendor tho 
ODD safid would manifestly be useless for another ; so that here, again, the elementary 
principles of coal mining, with a view to ventilation, rc^uiie to bo carefully adapted to 
the particular case. 

The goaf being of the nature ofa funnel, the light gas will drain into the upper portion 
of it ; and in cases where there are not many faults, might sometimes be brought to the 
surface in shallow mines, either according to a method proposed by Mr. Ryan, and 
adopted in South Staffordshiro, or by the upper strata being picrood or bored fivm the 
surface before being worked. - Tho former method eonsists in running a gallery, or 
headway, as it is called, above the working headway to the highest place worked, and 
boring down fcom different points to meet the ooal. The gas then crapes, rising 
naturally to the surface. It is probable that the adoption of this method might at 
least some times be tried in the north of England with advantage ; but it is no doubt 
more t^ely to be successful in the minos of Walos and £(puth Staffordshire. 

^EfiilOflv Accident. — ^An accident that occurred at Jarrow Colliery, about the 
agme tu^ as that at Killingworih, was also tho result of a blower or feeder of gas 
aaddenly given off ; but in this case the exact spot was not known, as the gas had 
caiiM. to come away when the mine was in a condition to bo examined. At the great 
explosion at Haswell, on the other hand, on the 28Hi of September, 1844, the accident 
occurred near the goaf ; and as it illustrates another point of interost, it is worth 
w'hQc to give a brief account of the accident. ^ 

Haswell Accident. — ^The llaswell Royalty includes about a thousand acres of 
surface, and was at that time worked entirely from two shafts. In the scam in which 
the accident happened (the Hutton seam) the greater part of the mineral has boi^n 
$dready obtained and ihe pillars left to support the roof have been partly token away. 
The districts in which the coal is worked (the panek) are not very large, but unfor- 
tunately they have been allowed to run too much into one another. The accident 
occurred, it is supposed, at or near a particular q>ot where two of the divisions or 
panels approximate. 

Now if in this case the separation between each panel had been complete, and there 
had also been a distinct passage fn)m each panel to the pit-bottom, it is certain that all 
the persons in the other panels might have been perfectly safe. As it was, between 
forty and fifty persons were unfortunately left in tho working most distant from the 
pit bottom, not one of whom escaped. More than half the whole number killed might 
probably have been saved if a free and safe communication had existed. 

The practicahility of adopting any method that should have for its object tho com- 
plete separation of different workings of the mine, depends partly on expense and partly 
on the degree to which tho main cuirent of air can be so far subdivided as to ventilate 
many distinct districts. In both Iheso respects the case is clear and satisfactory. 

▼ cii t ila t loa * — Let us next consider how all these different points bear upon the 
main subject of the ventilation of coalHooines, as connected with the moat economic and 
safe methods of working such ininei. From the very nature of tho case, we have a 
number of tall chimneys (usually considered necessary and sufficient to create a strong 
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draught of air) in tib.o ahafts already flunk to reach the coal ; we only require, there- 
fore, flome mcanfl to set the air in motion ; and of all means the furnace is the most 
ready and natural. In a coal-mine, accordingly, where there are two ahafits, or where 
in the absence of a second shaft, the one is divided into two parts, a furnace always 
placed at the bottom of one, and forms what is called the conveying again to 

the flur&oe the air which has been drawn down the other, or diaft, after it has 

been forced to pass through all or part of the workings. The air brought into the mine 
through the downcast shaft is called the in^takef* and when it has got past the /dn>f 
working, and is on its way towards the upcast, it is then called the ** returns** 

The furnace offers a means of producing almost any amount of ordinary ventilation; 
and by means of contrivances easily applied, it is a safe rgsourcc, even when part of 
the air brought out of the mine is in an explosive state. This portion is generally 
r^nducted along a separate course, and mado to enter the shaft twenty or thirty feet 
above the furnace. The draught is there sufficient to carry it up ; or if not, a portion 
of fi:esh air, admitted from below, effectually and safely gets rids of it. A contrivance 
of this kind as common in all fiery mines, and is called the dumb furnace. 

When a quantity of air is thus obtained in circulation, the next matter to be dis^ 
cussed is the best method of making use of it. 

Cownlng the Aix.— Tkere is one very obvious method, w^hich was for a hag' time 
adopted— namely, to force the whole of the air to pass in succession through- ^ the 
pas.sagcs and galleries by preventing communication between them except in oim direc- 
tion. But it was found, after a time, that this simple method was both ind&£i^t 
and unequal. In order to get any current at all in the ascending column, it waancoas- 
sary to have a very largo supply drawn along narrow passages for a distance amounting in 
some cases to sixty or seventy miles. ^ The rate of progress was of course very dow, and 
the risk of danger enormously great ; while if the air was foul anywhere, the whole of 
that gas was carried through the rest of the workings, and the ventilation, for all 
ciFcctivc purposes, lamentably defieient. Pairs of galleries were sometimes ventilated 
together ; and often a large extent of the broken, or district whence the coal had been 
partially extracted and the pillars left, was often altogether unventilatcd. It ■was 
found, however, at last that if a current of air was allowed to select between two 
districts, both of which communicated with the upcast, tt did not take the shortest 
way and leave the other untraversed, but divided itself,— a certain part going off through 
one set of galleries, and a certain part also through the other set. When it "was tried 
what the quantity of air thus passed in each case might be, it appeared that the 
sum of the two quantities was very much greater than what had passed through before 
In this way the important principle was established, that the quantity of air brought 
down into a mine might he increased by increasing the number of distinct currents to the 
upcast shaft. It remained to determine to what extent this method is available. 

Splitting the Alar.— Experiments arc still wanting to settle, in a satisfactory 
manner, this extremely interesting and important question ; hut to obtain some idea 
of the immediate effect, an experiment was made by tlic author, acconq^anied by Mr. . 
Nicholas Wood, in a new mine fTyno main), at a time when it bad been only recently 
opened, on the south bank of the Tyne. In this mine the air, ns it reached the bottom 
of the downcast shaft, was split into three currents, the principal one going into the 
north district. On measuring this, by counting the number of seconds during which 
the smoko of gunpowder is conveyed for a certain distance, it was found that twenty 
thousand cubic feet per mimite must have passed into the workings, moving at the rate 
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o{ four-and-a-lialf miles per hour. Haying decided this, a communication direct to the 
furnace was opened, by means of which free way was allowed to the air to escape imme- 
diately to the surface ; but the effect was only to reduce the supply into the workings 
from tw^ty thousand to sixteen thousand feet, although the total amount of twenty 
thousand were now passed over tho furnace direct. The quantity of air brought down 
was thus increased by four-fifths of its former amount by this operation of splitting. 

The result of the discovery of this power of splitting the current of air has been 
extremely important. Instead of the air travelling forty, fifty, or even seventy miles, 
as it did formerly, it is now roro to find an air-course of greater length than about 
four miles in a well-regulated eoUiery. There can bo no doubt that the general 
health of the miners muqt bo improved, os well as the danger of explosions lessened, 
by the introduction of the plan. 

It should not be forgotten, that a due application of such a method requires some 
knowledge and experience. In order to obtain full benefit from it, the mines should 
be properly superintended ; for although these methods are adopted and admirably 
contrived so as to be most effectual in tho larger mines, yet where there is no con- 
stant superintendence of an intelligent viewer, it is scarcely to be expected that any 
great care should be taken about the matter. 

HooxB and Stoppings. — ^Tho principle of flitting tho air onco admitted and 
applied, the actual ventilation of a mine requires that there should be provided a certain 
set of doors and stoppings, some permanent, some moveable, some only*partial ; all of 
which require to bo well planned at first, adapted to the general method of ventila- 
tion, and constantly superintended by efficient overseers. Much of the value of the 
ventilation depends on minute attention to details, which it would be tedious to describe ; 
but perhaps it may be worth while to mention the nature of the different kinds of doors, 
and their uses. * 

Stoppings have been already alluded to. They are of the strongest possible con- 
struction, sometimes twenty yards thick, and constructed of brick and rubble wall and 
rubbish. Notwithstanding their strength, they aro often blown down in case of an 
explosion. Sm^ openings, about twenty inches square, with what arc called main 
doars^ sometimes commimicate through a stopping. 

The main doors arc far less solid than stoppings ; but are still very strong, made of 
the best materials, and closing accurately. Theso are always placed in pairs, with a 
space between them, so that one may bo closed while tho waggon is going along, and 
before the other is opened. In thqmost important places there are three such doors. 

Shell doors BiQ loss permanent than the former kind, and arc used in places where 
the worK is proceeding. They communicate through tho brattices, or wooden partition 
walls which conduct the column of air. 

Sham-doors only check and do not prevent the passage of air. The air which 
escapes throu^ the doors is called the seale^ and is sometimes used in partial ventilation. 

Boys and old men arc generally intrusted with the opening and shutting of doors'; 
and much of tho safety of the mine depends on this being properly attended to. 

In the management of the ventilation and tho distribution of tho return cumnts, 
which all gradually unite into two, it is often necessary that ono current should pass 
over another. This is effected by a strong brick arch cdled a crossing. 

Candles and SsUTety Laanpa.— It wiU be manifest that no work can bo con- 
ducted under ground'without artificial light. The simplest li^t is derived from small 
tallow candles; and, for many reasons, this is the most convenient and most economical 
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whero thcro is no danger of the contact of open flame with inflammable gas. Formerly, 
indeed, all the ordinary work of a mine was conducted by these candles; and, in 
cose of an accident, a clumsy, inefficient, and dangerous contriyance was adopted, 
colled the steel mill^ by which a faint light was produced by the striking of aT run of 
steel against a flint. There con bo no doubt that explosions have occurred firom the use 
of this instrument. 

In tho year 1815 was introduced the contriyance, since well known as the Dayy 
Lamp. It is a lamp surrounded with wire^gauze, of a certain degree of flneness ; 
allowing the air to pass freely, and only intercepting a portion of the light, but haying 
the spaces between tho wires too small to permit the flame of an explosion to pass.* 
Theoretically, under moat ordinary circumstances, this lamp is perfect. It will, how- 
ever, set Arc to explosiyo mixtures of certain gases, and will allow flame to pass through, 
when cither the flame is driven through the gauze with a blast, or tho lamp is moved 
very rapidly, producing the same effect. The heated gauze may also occasionally set 
fire to ininut^ fragments of bituminous coal floating in the air, and adhering to tho 
sides of the lamp. Generally, however, no instrument can be more useful; for it 
possesses tho advantage of simplicity to a high degree, can bo made very cheaply, 
and is not heavy. Many other .ingenious contiivanccs have been suggested — aU, 
no doubt, improvements, in one sense, of tho Davy, but none of them so universally 
applicable. The Geordie^ as it is colled, has a glass defence outside an ordinary 
Davy ; and this form, adapted by IVIr. George Stephenson the engineer, is still used in 
tho Killingworth pit, where he worked. 

The MmseUr lamp, liiglily appreciated in Belgium, is greatly more complicated 
than tho Davy, and has not been much used in this country. A part of the gauze is 
replaced with glass, and there is a small chimney within the lamp, preventing explo- 
sions of a dangerous atmosphere from taking place inside. More light is given, but the 
lamp is heavy, and seems likely to get out of order. 

The introduction of tho Davy lamp, as an ordinary light for fiery mines, is a matter 
of great importance ; and it requires to bo considered first whether it is practicable — 
secondly, whether it would bo absolutely effectual — and thirdly, whether, even if not 
absdutely effectual, it is still on tho whole advisable. These are all points that ought 
to bo carefully investigated ; since, if advisable, then it is clear that the use of the 
lamp should be generally enforced, imdcr heavy penalties. Let us consider the chief 
circumstances of the cose : — 

It is certainly practicable. In the 'W'allscnd pit there were, at one time, one hundred 
and thirty Davies in constant daily use. It is true that they show a slight diminution 
of light as compared with candles ; but this is not sufficient to prevent the men from 
preferring to work with the Davy at the same wages where the coal is more easily 
broken (more tendefn^ in consequence of the pressure of tho roof on the pillars. In some 
of tho Prussian and Belgian mines, and in one (the 'Walker colliery) in the Newcastle 
district, no open lights whatever aro used. In neither case have accidents happened 
which could not bo at once satisfactorily explained ; and in tho mines on tho Saare, in 
Germany, which aro very fiery, several hundred safety-lamps have been in use for 

* The cause of this is easily understood. When the flame impinges on one side of the gauze, the 
heat is rapidly conducted through it ; but owing to the large quantity of surface exposed, the 
radiation is also extremely rapid, and the outer surface is cooled down below the point suffleient to 
ignite the inflammable air. When the mixture of gases includes olefiant gas^r sulphuretted hydro- 
gen, which burns at a lower heat— the explosion may pass through, and an accident occur ; but these 
cases aro extremely rare. 
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tmnty'-two yean, during^ which time only two explosions hare occurred* In one of 
them three meshes of the gauze had been destroyed by the heat ; in the other, there 
had been a fall of the roof of several tons, which had broken the lamp. 

To use Davy lamps entirely, in fiery mines in the^^Newcastle coal fields, would also 
bo a very trifiing expense ; not, indeed, amounting to more than a few hundred pounds 
a year in any mine. All that is needed is an ample supply of good lamps ; a few 
quick-sighted steady men to give out the lamps to the hewers, and look them after 
examining each gauze, and to receive them at the close of the work. Tho regulations 
in the Wallsend CoUioiy arc sufficient to show the perfectly practicable nature of an 
arrangement of this kind, and aro produced hero as a useful illustration. 

oxneita xxspEcnNu mx dayt ijkxps ix vsx at wallsexb coLLiKnr. 

1. No workman of any description, whether orerman, deputy, hewer, or any one wliatercr, is 

allowed to use a lamp in the broken, without its having been previoubly examined and locked by 
the lamp-keeper or deputy. ^ 

2. Xo one having charge of a Davy lamp is allowed to interfere with it, in. anyway what- 
ever, beyond the necessary trimming of the wick. 

3. Should any accident happen to the lamps whilst in use, by which either the oil is spilt upon 
the gauze, or in any other way rendered unsafe, they are to he iiijmcdiatcly taken to the Davy boy 
at the station appointed by the viewer of the colliery, and not again used until they have been pro- 
perly cleansed and examined by the lorap-kcepei* or deputy. 

4. In ease of any sudden discharge of gas, by which the lamps may become filled with fire, it is 
strictly ordered that all lumps are to he instantly witlulrawn, and not again introduced until the 
workings arc pronounced safe by the overman or deputy in charge of the pit. 

5. In case of any person having charge of a Davy lamp losing his light, he is immediately to 
take it himself to the Davy boy, and is not allowed to send it by any other person, and is not to 
remove any of the stationary lamps in tho going boards, as that will deprive the putters of their 
light. 

C. Smoking tohaceo is strictly prohibited in the broken ; and i)eiTons wishing to smoke must 
come to the out-by side of the lamp station, and on no account attempt it in the workings. 

7. No candle or naked light to be taken nearer the broken than tho lamp station. 

8. No putters, way-cleaners, stonc-lads, drivers, or others, arc, under any pretext whatever, to 
carry a lamp during their work. A sufficient number of lamps will be hung in the going boards and 
wagon-way, to prevent the necessity of boys carrying lamps • 

9. It is particularly request^ that any person witnessing any improper treatment of the lamp, 
or any other infringement of these orders, by tiie boj's or others, will immediately give information 
to the overman or deputy in charge of the pit; and as information of any neglect or improper 
treatment of the lamp is absolutely necessary for the better protection against accident, a reward of 
ten shillings will be paid by the owners to the informer, on the conviction of the offending party. 

10. Any person being convicted of breaking any of the above rules, to be summoned before a 
magistrate, or ffiseharged, at the option of the viewer of the colliery. 

But, in tke next place, it vill be asked whether the use of the Davy lamp iff an 
absolute safeguard ; and this question must be answered in tho negative, since, an wc 
have already seen, accidents may possibly ocenr, in two or three ways, even if the 
Davy is in good condition, and is being feirly used. Sir II, Davy himself was aware 
of, and stated this feet. 

The circumstances under which the lamp is liable to accident are, however, these : 
— 1st. Exposure to a jet of gas^ whether explosive or pure, after the earbonic acid gas 
at the bottom of the lamp 1 ms been removed. This is readily illustrated by forcing 
tho gas issuing from a common street pipe through the sides of the lamp in a burning 
State. 2nd. E^cposiirc to a mixture of sulphuretted hydrogen, of pure hydrogen, or of 
olefiant gas, with the light carburetted hydrogen, as it is commonly fonnd in mines. 




EFFEOTS OP WEAraSR O^T EXPEOSIONSC 


247 


It is said ' by some chemists Ihat these gases are oecastonally present in coal minea; 
but wc haye the authevity of Henry, Thomson and Davy, and more recently of 
Professor Graham and Br. liyon Playfair, for stating that they arc not found in the 
explosive gases of the north of England, or elsewhere as examined by th^. •Srd. By 
the burning of small fragments of coal adhering ta the gauxe. This is rather assumed 
as possible than distinctly known. It was tried^ by Da^y with street gas, hut the 
result was doubtful. 4th. By the falling of fragments of coal', &c., from thereof, and 
consequent breaking of the lamp. These are aU cases in which the Davy lamp may, 
it is said, he the means of causing on accident from explosion; and some of them would 
be avoided by the use of the improved lamps of various kinds. On the other hand, it 
may be said tliat tlio experiments made by mixture of street gas with common air arc 
not altogether satisfactory, since tho gas produced from the distillation of cool is 
more explosive than common coal gas in mines, and is explosive at lower temperatnres. 
This was distinctly shown by Davy with reference to tho particles of cool and pyrites 
floating about in the atmosphere of the mine. It requires that careful comparative 
experiments should he made with specimens obtained from mines, in order todutemuno 
this and other pomts of the same kind. 

With regard to the relative value of the different safety lamps that have been intro- 
duced, the shielded Davy may be said still to keep its place. In its great simplicity, 
its proportions and portability, and in its being the best known to the miner, this lamp 
must he considered to possess many advantages over any other ; and it may be doubted 
whether a greater degree of safety is really and 'efFectually produced by any other con- 
trivance. It has been now used for nearly forty years, and in almost every case where 
danger was known— and how frequent these cases aro those only are aware who have 
visited the mines themselves. It has been trusted implicitly, even to fdly, by tho 
superior officers of the mines, in thousands and tens of thousands of doubtful cases, and 
where it was well known that explosive mixtures existed. In by far the greati^ 
number of the two hundred pits in the Newcastle coal fields, the proper officer proceeds 
at least once every day, with this instrument, through the districts actually worked, 
before thoy are visited by the men ; and every week or ffirtnight Ihrough the rest' of 
the mine where the gas- is most likely to accumulate. And if occasionaUy-MUid it is 
a very rare case — tlicrc has been an explosion where n(f other canse. could be frirly 
assigned ^on the Davy lamp, we ought not to leave out of consideration the innu- 
merable instances in which it has proved itself to ho, when properly used, a suffident 
safeguard. 

Effect of Weather and Season on Snplo8lons.^Explosion3 in coal mines 
from fire-damp have, for many years past, become of serious importance, from their 
frequency, and the large number of lives often sacrificed. They occur in all our coal 
fields, and are certainly not less numerous now than formerly. Any fiujts concerning 
them arc interesting, and may bo important so that tho following ^tails of upwards 
of one hundred recorded explosions may be aoeeptable. Of those explosions, dghtp*- 
two happened on fonr days of the week, and nineteen only on the remaining three; tho 
order being as follows: — ^Tuesday, twenty-fivo; Friday, twenty; Monday,' ninoteeii.; 
Thursday, eighteen; Saturday, eiglit'; Wednesday, rix ; and Sunday, fitfo. Out; of 
sixty-threo whose dates are known, twenty-nine occurred in tho four iMiithatfrom 
September to December, both inoIasiTe ; and thirty-four in tho re m ad ni ng .eifl^t 
months. Out of thirty, as many m twnnty-three were when the wind wad' either 
N.W., W., S.W., or S., and only seven when the win d was from the remaining qi»r*» 
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tors ; most of these (five out of the seYen) being when the wind was S.E. Other 
statistical facts have been recorded, but no general conclusion seems derivable. 

But coal mine accidents are not confined to explosions; and water as weU as air 
becomes sometimes a dangerous enemy. 

Accidents firom Water. — Aa an instance of this, in the year 181d sevonty-fivc 
persons were drowned in the Heaton Main GoUicry ; the old workings of another 
colliery in which the water had accumulated rushing into the works, which were carried 
on in ignorance of the proximity of these old mines. Accidents of this kind have also 
frequently happened in other coal fields ; and it is only a few years since one of the 
principal collieries of Whitehaven, carried on under the bed of the ocean, was suddenly 
and completely destroyed by the incursion of the sea into the workings. 

One of the most important of the accidents of this kind on record occurred in 1833, 
in an extensive Scotch colliery, of which the workings were so much injured by the 
irruption of a river into them as to be afterwards almost useless. 

On the 20th of Juno, in the year above mentioned, two gentlemen fishing in the 
river Gamock, observed nearly opposite to where they were standing a slight eruption, 
which they supposed at first was occasioned by the leap of a salmon ; but a gurgling 
noise which succeeded led them to suspect that the water had broken into one of the 
coal mines surrounding the spot. With this idea they hastened to tho nearest pit- 
mouth to give warning ; but their notice was neglected, as too improbable to be worth 
attending to. Before long the workmen were found to be making their way to tho bottom 
of the shaft, several of them being up to their necks in water when they reached it. All 
of them, however, escaped with life; and os soon as they reached the surface, they 
proceeded to check, if possible, the rush of water into the mine, by filling tho cavity in 
the bed of the river with straw, clay, &c. ; but their efforts were vain, for tho water 
continued to pour in steadily till tho following afternoon, when a large space of the 
bed of the river was broken through, and the whole body of the stream was in a short 
time engulphcd, its bed being left dry for more than a mile. The river was affected 
by tho tides, and this cngulphmont took place at low water; but as the tide rose, the 
sea entered with prodigious force, and the sight was impressive beyond description; tho 
water continuing to pour in, till the whole works, extending for many miles, were 
completely filled, and the rivdr resumed its ordinary appearance. 

No sooner, however, had this taken place, than the pressure of tho water in tho pits 
became so great, that tho confined air which had been forced back into the high 
workings, burst through the surface of the earth in a thousand places, and many acres 
of ground were seen to bubble up like tho boiling of a cauldron. Great quantities of 
sand and water were also thrown up like showers of rain, during a period of five hours ; 
and an extensive tract of land was laid under water, by which from five to six hundred 
persons were entirely deprived of employment. 

lUacellaaMiui Accldeiit8.~-Many other accidents occur besides those of fire 
and water, and some of them arc occasionally fatal ; but as they ore, for the most part, 
dependent on local circumstances, and must be looked on rather as ordinary casualties, 
which cannot be entirely prevented, and belong more or loss to all kinds of employment, 
1 shall not here detain the reader by dwelling upon them. 

Those connected with the imperfection of machinery— such as the bursting of steam 
boilers, the breaking of ropes, disarrangement of the lading machinery, and others— 
are gradually becoming fewer, and, with proper care, maybe reduced to a very small 
number ; but as bng as coal mines continue to be worked, so long will there be a sue- 
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coasion of victims to the fire-dampi a— “ monster*' which no art of man is ever likely to 
render harmless. 

Impovtance of Goal.— It can scarcely bo necessary to point out to the reader the 
vast importance of coal in all parts of the world, and the interest of every pno to dis- 
cover and make use of such stores of wealth, when they exist beneath the surface of the 
earth. # 

In a country like England, deprived of any largo quantity of wood by the advance 
of civilization and the replacement of forests by com fields, where should we obtain 
means for enduring the inclemency of the weather, or enjoying any comforts at oiir 
homos, if it were not for the supplies of this material, conveyed along our shores by 
numerous ships, and transported by every train on our railways? 

But we must look farther. Where would be oiu: manufactures — ^where would be 
our iron, the staple of all manufactures, if there were not abundant and cheap supplies 
of valuable fuel where the ores of these metals oecur ? 

Without coal, could this country have advanced beyond its condition many cen- 
turies ag(i — could there have been education— could there have been printed books 
available for the multitude — could there have been food and raiment for ourselves— or 
could science havo advanced ? Must not England have remained in the back-ground, 
its inhabitants unable to c&crcise that intellectual activity which they havo exerted in 
placing their coimtiy in advance of the whole world } 

Without coal there could have been no extensive use of steam, even if the vast 
power of that agent had been discovered. Without steam and iron, where should we 
now bo in the advance of civilization over the world } Coal is indeed the indispensable 
food of all industry. It is a primary material, by whoso aid wo engender force, and 
obtain power sufficient for any purpose that has yet been imagined. 

Marvellous indeed are the results obtained on considering the uses of those mate- 
rials which form together the great carboniferous series of deposits as developed in the 
north of England. In a small strip of country, in an area of less than six or eight 
thousand square miles, which in some ports of Europe would bo passed over almost 
without remark by the practical man, tko politican, and the statistician— we find 
grouped together a multitude of large towns, a population of some millions of people, 
having, perhaps, more influence on the comforts of civilized man throughout the world 
than could elsewhere be found in a space of five, or even ten times that amount. Nor 
is this aU. The other great manufacturing and commercial towns of England, with the 
exception of tho capital, are similarly placed with reference to geological position. 
The coal and iron of the carboniferous rocks form still tho magnet towards which the 
other desirable things of this world are attracted, and they determine the growth and 
well-being of towns, not only in England, but elsewhere on the continent of Europe, 
and lately in America also. In France, Belgium, and Germany, we everywhere see 
towns rising up into manufacturing importance, where fuel and iron exist beneath the 
soil ; and rarely indeed has it been found possible to produce any great improvement in 
these respects, except where nature has pre-ordained it by giving these sources of true 
riches. It is now well-known that, however valuable in themselves other rarer 
natural products may be, there is no doubt of tho enormously greater benefit to a 
people in the cose of those materials whicdi .either enter into every manufacture, and 
are sources of power, or which are greatly increased in value by being subject to many 
processes to render them more generally useful, without, at the same time, causing them 
to be taken out of consumption. 
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Maagoxs of Coal BUning;.— Coal in this conntiT’is obtained at a serioos expense 
and riak of human life. It often happens that, on taking up a newspaper, we see 
notice that another explosion from fire-damp has taken place in some eoal mine, and that 
ten, twenty, fifty, or a hundred of the workmen hare been hurried unprepared into 
eternity. Some we read — and these are not the greatest sufferers— have been destroyed 
at once, burnt to dodlh by the explosion itself, so that no human power, no system 
could, perhaps, have saved them. But a larger proportion have been found at a dis- 
tance. They were performing their task some hundred yards oiF; they heard the 
shock ; they foU that they were doomed men ; they rushed at once to the pit bottom, 
but, cut off by the want of a direct communication, their only chanoo was to reach the 
main gallery, and try if, by any happy accident, they might escape. But the moment 
they arrived at this point, they found the effects of the explosion, the fearful after 
damp already on its way before them. They arc stopped by this invisible, intangible, 
but fatal and impassable barrier. Some throw themselves upon the ground, and creep 
on for a few yards in the vain hope of escape. Some, in hopeless despair, await the 
advance of destruction. Such is a simple history of the whole event. One single 
inspiration of the after damp produces convulsions in the throat, and is the almost 
certain precursor of instant death, so that it rarely happens that any person escapes to 
tell the sad tale. Is it not a question, then, worthy of consideration whether, by any 
method tliat could be adopted, thoso lives might bo preserved ? For whom do those 
men' suffer ? Their widows and orphans, their mothers, their sisters, and their friends 
have a right to call upon every one of us who benefit by their labours, but take no 
thought of their dangers and sufferings. They labour for our benefit. "We induce 
them to run these risks, and are bound to weigh carefully the great social relations 
which impose it as a duty upon us to improve ^their condition. Each event of th jg 
kind concerns us all, and wo arc all, without exception, responsible in our degree ; 
for if a sutficient interest was felt and expressed in this matter, it would not he allowed 
to go on as it does frimi accident to accident. That the subject is obscuro and difficult, 
is not a sufficient reason that it should be neglected ; and because the suficrers arc 
patient, the place of the accident far removed, and the objects of it beyond the sphere 
of our immediate exertions — ^because few 'amongst us have visited a eoal mine, and 
know nothing of the danger ]^er3onally, we are not therefore at liberty to let the 
matter take its course without an attempt to do good. Some pity should he felt and 
Bomo sympathy also expressed for those whose lives are spent, and whose deaths may 
be caused in providing us with the means of comfort and enjoyment. Let us fhinlr 
seriously how much wo owe to them— the comfort of the fireside, that essential 
requisite to home enjoyment— the luxuries that surround us— the faciKtica of travelling 
—the use of and interest in all machinery and manufactures — all these we owe to 
the coal miner; and then think how little wc do for him in return. He must daily 
descend some hundred yards into the bowels of the earth, traversing many miles of low 
subterranean passages, performing his task in the most inconvenient posture, in an 
atmosidiCTO alwaya impure and choked with dust, if not actually dangcrous-hghted 
by a small candle, or by the yet fainter glimmer penetrating the meshes ’of a wire 
gauze— and then, ftom time to time, exposed to the chance of these accidents. He 
troubles not our repose— the tale of his distress hardly reaches our ears— ho is poor— 
he is far away— ho dies but ho is our fellow creature and our fellow countryman. 
Each one a^ngstusis related to him by many bonds, and it h our duty to see that 
every practicable method is adopted to improve his condition. And if thu dangers that 
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surround him must stiU remain, in spite of all our exerUons— -if the tenible accidenta 
from explosion must sometimes occur, stiU wc hayo a duty to perform, for wo aro 
bound to use ovory means to diminidi their frequency and extent, and to take away, 
if possible, from t^ir firightful results. This duty is one, not only affectiqg the legis- 
lature, but cyery individual amongst us ; for all may in some way, either directly or 
indirectly, have influence with those upon whom ultimately the responsihility of so 
great on act of public justice must fall. 

MINING IN- STRATIFIED ROCKS AND ALLUVIA. 

Mining operations are of two very distinct kinds, according as they refer to depo- 
sited minerals, or to those segregated from various rocks into mineral veins. Wc have 
already, at some length, considered the case of coal, which belongs to, and represents, 
the former class ; but it remains to give some account of other substances similaidy 
circnnistanced. liy for the most important of these, in annual money value, arc the 
iron ores already alluded to. Next to these are streamings for gold and tin, and such 
mechani&l contrivances as arc required for obtaining salt from beds of rock-salt, and 
diamonds, and amber, &c., from their respective alluvia. The question of gold is one 
that will need some detail. Tlie others arc quickly disposed of, as far as they arc 
geologically interesting. * 

Gold Mining.— It is hardly possible to imagine any subject of general informa- 
tion more calculated to excite attention than that of a new and abundant supply of 
gold, the representative — generally admitted to he the best — of all kinds of property, 
and the universal medium of exchange, wherever it is possible, in civilized countries. 

Any great change, in value, in this medium— any change in quantity, by which 
such value may be affected— any new discovery of districts where the quantity is likely 
to be very large and very easily obtained, offers a legitimate source of intcfcst and 
excitement, and becomes matter of general conversation. 

Hut 'when wc are told of a conntry, now flrst discovered to abound in gold to auch 
an extent that a man can, in a short time, pick up and make his own as much os he 
pleases, we may well he astonished, and may fairly indulge in not a little scepticism 
on the subject. Wc ought, at any rate, to look about us, and learn what has hitherto 
been the state of the case, and how far our own inttrests, as possessing some of this 
land of property, are likely to be affected. 

Within the last few years men’s minds have been almost unsettled, and tiieir cre- 
dulity severely tried, by accounts first from the West coast of North America, and 
afterwords from Australia, of tho existence of deposits of gold so abundant, that a man, 
with a spade and a few of the simplest tools, can obtain largo quantities from the bed 
of a stream. Wo read in the local newspapers that the supply seems inexhaustible, or, 
at least, that it is only limited at present by the number of men at work— that each 
man may realize a handsome fortune in a few weeks— and that, as far aa appearances gOy 
the quantity will increase when -what ore called the sources of the supply are met 'with. 

Matzibution. o£ Gold.— Although there is much that is visiomiry and extrava- 
gant in all this, still there is also a foundation of rcdJdty. Of all metals, gold is, with 
the exception of iron, the most widely diffused over tho earth ; but it di£5ers from iron 
in being found only in a nati've state. It also differs greatly from iron and most other 
metals in- the mode of obtaining it, since almost the whole 8iq>ply is from alhivial 
sands, from which it is separated diiefly .by 'washing. Almost c'^'ery country in Eoiope, 
and indeed throughout tibe world, has yielded gold at one time or other ; but each, in 
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succcsaioiii has after a time become drained, and the proportion of the precious metal 
has been found too small to bo worked with profit. England, Scotland, Wales, and 
Ireland ; France, Germany, Spain, and Portugal ; Bohemia, Hungary, and Transyl- 
Yonia ; Greece and Turkey, besides Bussia, have all bcci^ amongst the gold-producing 
countries ; but the only parts of Europe in which now there is any activity, are Hun- 
gary and Transylvania. In Asia, Siberia, India, China, Japan, and the Indian 
Archipelago ; in North America, almost all the eastern states of tho Union, and latterly 
Canada, besides Ciilifornia ; in Central America ; and in South America, Brazil, and thQ^ 
whole country on the cast of the great mountain chain of the Andes, and its continuation ^ 
as far northwards as the termination of Mexico — these all have been celebrated ; while 
various ports of Africa, especially on the western shores, abound in the rich deposit. 
Lastly, but chiefly, Australia has entered the field, and bids fair to send, for some time to 
come, a quantity at least equal to that from any other tract of the same dimensions. So 
much have the supplies increased, that whereas, during the ten years preceding 1850, 
the average yield of the whole gold-producing countries could not be estimated at more 
than eighty thousand pounds weight ; the annual supxdy from Australia and California 
alone (at that time not known to contain available gold) has since been considerably 
more lhan four times this amount. 

Gold washings arc at xwesent carried on chiefly in Siberia, California, and 
Australia ; the two latter countries yield by far the largest quantity; but tho work in 
the former is more systematic, and far less costly, so that poorer sands aro exposed to 
the various mechanical operations. The matrix, or earth in which the gold occurs, 
varies in different counMcs, but is ^usually confined to some one or two distinct beds 
of gravel, often of considerable geological ago compared with the surface soil, and 
spread over a wide tract. The gold, originsdly contained in veinstone of some kind 
(often quartz), or disseminated through rocks in a native state, has been washed out of 
these materials by a long continued exposure and the abrasion of one particle against 
another. The gold being the heavier substance has been left behind, when, from the 
action of water, the fragments of rock have been washed away ; and tlius it chiefly 
abounds in hollows or other receptacles, where it was not exposed so much to aqueous 
action, and finally became buried. 

In Siberia there are but few4ocalitics where the gold washings are largely carried 
on, and in each of these the metal is disseminated in a quartzy sand, or gi'avcl, con- 
taining much oxide of iron. It is not confined to tho valleys, but extends even to the 
hill tops and escarped sides of mountains, proving that the process of accumulation has 
been a very long one, and commenced when tho present mountain chains were entirely 
below the surface of tlic water. In Brazil, as in Siberia, where the observations on 
gold twining aro more carefully made than in California and Australia at present, the 
gold lies in a stratum of pebbles and gravel immediately incumbent on tho solid rock, 
and the excavations of the washers in this gravel ore often from fifty to one hundred 
feet wide, and eighteen to twenty feet deep. The author has seen larger and 
deeper excavations than these in the mining districts of Eastern Virginia, where also 
much gold has been obtained. Tho African gold is entirely got from tho beds of rivers, 
partly on the gold coast, partly in Abyssinia, and partly on tho Mozambique coast, 
and the gfl-me may be said of Asia and the Asiatic islands. 

It is needless to repci^t hero what has been so frequently and prominently stated 
concerning tho position of the gold in California and Australia ; and, indeed, descrip- 
tions of auriferous detritus have litUo value, as they could hardly lead to tho re- 
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cognitiozi of similar material in a new* district, or suggest discoyerics in a country 
where the existence of gold was not preyiously known. We proceed to the more prac- 
tical and useful considerations connected with tho working of such ores when found. 

BEeeliaiiical Process.*— The examination of rocks suspected to contain gold is a 
very simple matter, although the most conycnient mode of obtaining the precious 
metal from the associated sand, mud, or grayel, necessarily inyolyes mechanical contri- 
yanccs, and requires some consideration. When a rock is supposed to bo auriferous, 
or when the sands or other alluyial matter of a district arc to be examined for gold, the 
jock should first bo pounded fine, and sifted a certain quantity of the sand thus 
obtained must be washed in a shallow iron pan, and as the gold sinks, the fioatingmud 
should be allowed to pass off into some receptacle. The largest part of tho gold is thus 
left in tho angle, or lowest point of the pan ; by a repetition of the process a further 
portion is obtained; and when the bulk of sand is reduced to a* manageable quantity, 
the gold, if in too small a proportion to be readily remoyed (or the residuum in the 
latter case, after the richer particles hayo been carried aw&y), is amalgamated with 
clean mercury. The amalgam is next strained, to separate ^ny excess of mercury, and 
is finally heated and the mercury expelled, leaying the gold. In this way, by succcs- 
siye trials with the rock, the proportion of gold is quite accurately ascertained. Where 
the rock or grayel is richi the amalgamation is unnecessary in a first trial, sufficient 
being obtained at once to giyc a profit without any further process than simple wasdiing. 

Masses of quartz, with no external indication of gold, examined in the aboyc 
way, wiU sometimes yield at the rate of about fiye ounces of gold to a ton of sand 
or grayel. 

Waaliing.*-Tho methods adopted on a largo scale, to separate gold from such allu- 
yial soils as contain a sensible proportion of this yaluabic metal, yary according to 
local circumstances and the tools that may be at hand. Washing on inclined tables is 
sometimes followed with adyantage, as in Hungary, where a long plank is employed 
with a number of transyerse grooyes cut in its surface. This plank is held in an 
inclined position, and the sand to be washed put in the first grooye ; they then throw 
water on it, when tho gold mixed with some of the sand collects usually towards the 
lowest furrow. This mixture is remoyed into a fiat wooden basin, and by a peculiar 
moyement of the hand tho gold is separated entirely /rom the sand. The stony ores 
arc first pounded in a stamping-mill. 

Amalgamation.— With tho poorer ores, such as the auriferous sulphurets, 
whether of copper, iron, or lead, it is usual to adopt the process of amalgamation, either 
after roasting or without submitting them to that process. This method, howeyer, 
belonging strictly to metallurgy, ^ill not bo deseribed in this place, since at present 
the mechanical processes of separating the metal form the subject under consideration ; 
and as in the Brazilian gold district tlie processes adopted include most of the mechani- 
cal contriyanccs that hayc been from time to time introduced, our examples wiU bo 
chiefiy drawn from that country. 

BmE i l i an Methods.— At tho commencement of the mining* system in thoBrazils, 
tho common method of proceeding was to open a square pit, till they came to tho 

* The word '*mine,” in the aignifleation attached to it by the inhabitants of Brazil, ooutcjs a 
different meaning to that which it imports in Europe. Whilst in the latter it designatM a subter- 
raneous excaTation, in the former It is simply applicable to the bed of a river, the bottom of a ravine, 
or some place of greater or less extent, where tho soil is composed of alluvial matter, containing 
metal. 
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eaacMo;* this tiiey broke up with pickaxes, and placing it in a wood<m vessel, broad 
at the top and narrow at the bottom, exposed it to the action of running water, disking 
it finm aide to side, till the earth was washed away and the metallic particles bad all 
subsided. ^Lumps of gold were often found from two mi a-half to twedve ounces in 
wd§^t, a few which weighed twenty-five to thirty-eig^ounces, and one it is asserted 
weighed thirteen pounds ; but these were msulated pieces, and the ground where they 
were discoverod was not rich. All the first workings were in the beds of rivers, or in 
the table-land, or flat alluvial banks over which the streams had at one time flowed. 

In 1724, the method of mining had undergone a considerable alteration, introducedft 
by some natives of the northern country : instead of opening the ground by hand, and 
carrying the cascalho thence to the water, the miners conducted water to the mining- 
ground, and, washing away the mould, broke up the' cascalho in pits under a fall of 
water, or exposed it t6 the same action in wooden troughs ; and thus a great expense 
of human labour was spared. 

The mode of worldng the mines of Jaragua is more simple, and may be easily 
explained. Supx>ose a loose gravel-like stratum of rounded quartxose pebbles and 
adventitious matter, incumbent on granite, and covered by earthy matter of variable 
thickness. Where water of sufficiently high level can be commanded, the* ground is 
cut in steps, each twenty or thirty feet wide, two or three bnoad, and about one deep. 
Near the bottom, a trench is cut to the depth of two or three' feet ; on each step stand 
six or eight negroes, who, as the water flows gently from above, keep the earth con- 
tinually in motion with shovels, until the whole is reduced to liquid mud and washed 
below. The particles of gold i^utamcd in this earth descend to the trench, where, by 
reason of ^eir specific gravity, they quickly precipitate. Workmen arc continually 
employed at the trench to remove the stones and clear away the surface, which opera- 
tion is much assisted by the current of water which falls into it. After a few days’ 
washing, the precipitation in the trench is carrried to some convenient stream to 
undergo a second clearance. For this purpose wooden bowls arc provided, of a funnel 
shape, about two feet wide at the mouth, and five or six inches deep. Each of the 
workmen standing in the stream takes into his bowl five or six pounds weight of the 
sediment, which generally consists of heavy matter, such as granular oxide of iron, 
pyrites, ferruginous quartz, anduiften precious stones. They admit cortain quantities 
of water into the bowls, which they move about so dexterously^ that the precious 
metal, separating from the inferior and lighter substances, settles to the bottom and 
sides of the^ vessel. They then rinse their bowls in a larger vessel of clean water, 
leaving the gold in it, and begin again. The washing of each bowlful occupies from 
five to eight or nine minutes. The gold produced is extremely variable in quantity and 
in the size of its particles ; some of which arc so minute that they float, while others 
arc found as large as peas, and not unfrcquently much largei*. This operation is super- 
intended by overseers, as the result is of considerable importance. When the whole is 
finished, the gold is placed over a slow fire to he dried. • 

It is considered that the tedious process of washing might be much shortened by 

* This is the name locally given to the auriferous detritus. The common cascalho of the country 
is an indurated soil in which gold is contained, and seems to consist of the fragments of veins which 
have been by some means broken up, rolldflabout by the action of watei: in agitation, and buried by 
it anumg the clays which have composed its bed. There is, however, a difference between the 
aurtferoos gravel in the mountains and that in the rivers ; the imbedded stones in the mountain 
cascalho are rough and angular, hut in that of rivers they arc rounded. 
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, using a of rery easy oonstmetion ; sueli as a cylinder, formed of bars of iron, 

longitudinally placed, and nailed to circles of wood, open at each end, and suspended 
on two centres, one about sixteen inebes bigber than the other. At the highest end 
the ore is put in by means Jiopper which communicates with it. The bars must 
be nailed almost close to ead^feber at the upper end, gradually widening to the lower 
end, where they should be almost half im ineh asunder. The cylinder ought to be 
from ten to twelve feet long, and a stream of water conducted to fall upon it length- 
wise ; it should be enclosed like a dressing-machine in a flour-mill, and he subjected 
to a very quick motion. The portion of ore containing the xnost gold will fall through 
near the upper end ; the other parts, according to their comparative fineness, gradually 
descending until nothing hut the pebbles fall out at the lower end; the earth, &c., 
falling into partitions or troughs below tlie cylinder, would he ready for being separated 
from the gold by hand, which might be done with very little trouble. Machines of 
this kind might be made on any scale, and if generally known and adopted, would save 
human labour to a very great extent. A further improvement might be made, too, in 
this useful apparatus ; for if the gold washed from the machine were to fall upon 
troughs pl^ed in an inclined position, having a chaxmcl across about a yard from the 
upper cnd,%l the gold would precipitate into it; and if a man were to be continually 
employed in agfitatmg the water, the earthy matter would run off, leaving <mly the 
gold and the ferruginous particles, which might he separated by mercury. Other 
ingenious and more complicated contrivances arc known, and have been adopted 
sucoessfully in Siberia, but arc not adapted to countries where labour is costly. 

TooIb.—- The only miners’ tools employed in Brazil Up to a recent period were the 
iron-bar and the hoe, hut the common miner’s pick would in many coses be serviceable; 
and huching-iroHs * would reduce the matrix much more effectually than beating it with 
stones. In many instances, hand-sieves, if not too costly, would be found extremely 
useful, and would certainly save considerable time and labour in washing. 

Cmshera. — Mills composed of heavy inogiilar stones, roscmhling those used in 
England for grinding flints, are useful in reducing many of the ferruginous masses and 
softer substances which contain gold ; whilst stamps might be employed where the 
gold is found in hard and brittle substances; or these would be perhaps as effectually, 
though more expensively, pulverised b}’’ a heavy stonB rolling on its edge and worked 
by men. t 

. Califomian Methods. — ^Tho mining operations. in California arc, as may he 
supposed, on a somewhat rude scale at present, and there cannot be a shadow of doubt 
that largo quantities of gold arc allowed to escape the washings. These, however, will not 
travel for, and may reward, though in a smaller degree, those who cair}' on operations 
after the first fever of gold-socking has passed away. A good idea ^vill bo formed of the 
first proceedings by the following extract froxn^^an official account: — “The day was 
intensely hot, yet about 200 men were at work in the full glare of the sun; washing 
for gold — some with tin pans, some with dose- wove Indian boskets ; but the greater 
part had a rude machine, Imoum as the cradle. This is on rockers, six or eight feet 
long, open at the foot, and at its head has a coarse grate, or sieve ; the bottom is 
rounded with small dects nailed across. Foiu- men are required to work this machine; 

* Bucking-irons are pieces of cast-iron^ With woo'deh Bandies, used at the lead-mines in Britain, 
to break the ore from what it adheres to. 

+ Iron cylinders hardened at the surface by sudden cooling are used in Cornwall in enuhing tin 
ores, and might be very useful if available. 



! 256 


CHILIAN METHOD OF GOLD MINING. 


one digs the ground in the bank close by the stream ; another carries it to the cradle, 
and empties it on the grate ; a third giyos a violent rocking motion to the machine, 
'whilo a fourth dashes in water fix)m the stream. 

'‘The«icye keeps the coarse stones from entering the cradle, the current of water 
washes off the earthy matter, and the gravel is gradually carried out at the foot of the 
machine, leaving the gold mixed wi& a heavy fine block sand above the first cleets. 
The sand and gold mixed together oro then drawn off through auger-holes into a pan 
below, are dried in the sun, and afterwards separated by blowing off the sand. A 
person without a machine, after digging off one or two feet of the upper ground, near 
the water (in some cases they take the top earth), throws into a tin pan or wooden 
bowl a shovelful of loose dirt and stones ; then placing the basin on inch or two under 
water, continues to stir up the dirt w:.th his hand in such a manner that the running 
water will carry off the light earths, occasionally with his hand throwing out the 
stones ; after an operation of this kind for twenty or thirty minutes, a spoonful of 
small black sand remains ; this is placed on a handkerchief or cloth and dried in the 
sun, and the loose sand being blown off, the pure gold remains.” 

The iron-bar, the pick and the shovel,* are all the tools that can wcU ^ needed by 
the solitary miner to raise the alluvial soil that seems to be so amply suppftd with the 
precious metal. The chief operation requiring mechanica^ingenuity^ therefore, the 
xcaBhinffy or removing the useless soil, and this may be done cither before or after the 
reduction of the whole mass to powder. No doubt, where the gold is in tolerably large 
lumps, the former is the more productive, because less time is wrasted ; but nearer the 
mouths of the streams, and in that material which has already been coarsely sifted, 
there wiU remain a large quantity of very rich produce, that can only be obtained by 
pounding as well as wa^ng. 

The following method is adopted in Chili to reduce auriferous detritus to a fit state 
for washing A streamlet of water conveyed to the hut of the gold-washer is received 
upon a large, rude stone, whose flat surface has been hollowed out into a shallow basin, 
and subsequently into three or four others in succession. Tho auriferous portieles 
are thus allowed to deposit themselves in these receptacles, while tho lighter earthy 
atoms, still suspended, are carried off by tho running water. The gold thus collected 
is mixed with a quantity of fesruginous black sand and stony matter, which requires 
the process of trituration. This is effected by a very rude and simple grinding apparatus, 
consbting of two stones, the under one being about three feet in diameter and slightly 
concave. The upper stone is a large spherical boulder of granite, about two feet in 
diameter, having on its upper part two iron plugs fixed opposite each other, to which 
is secured, by lashings of hide, a transverse horizontal pole of wood about ten feet long. 
Two men, seated on the extremities of this lever, work it up and down alternately, so 
as to give to the stone a rolling motion, sufficient to crush and grind tho materials 
placed beneath it. Tho washings thus ground are subjected to the action of running 
water, upon inclined planes formed of skins, by which process the silicious particles 
are carried off, while a portion of the fcmiginous matter, mixed with the heavier grains 
of gold, is extracted by a loadstone ; It is again washed till nothing but pure gold-dust 
remains. Tho whole process is managed with much dexterity ; and if there were much 
gold to be separated, it would affor^ ycry proj^tablo employment ; but generally the 
small quantity collected is sufficient (^y to afford subsistence to a few miserable 
fiuoilies. 

The miner's form of the shovel is the best, conBlsting of a simple pan of a eonieal form. 
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Moro claborato contrivances, moved by borsc-power or by water, would amply repay 
the cost and labour of erection; and tbe following account of the mc'chanical con- 
tnvances in uso in England and other mining countries for the ores of other metals 
(such as lead, copper, and tin), will perhaps suggest useful hints, even if tha methods 
are not exactly copied. 

Stamps.— The instruments for preparing ore in most mining distri(;t3 arc principally 
stamping-mills, or stamps as they arc called, crushing-mills or grin<lers, and jigging- 
machines. The former arc of vai*ious dimensions and power ; they are usually driven 
hy water-whcela, and are generally sufficiently simple in their construction. They 
consist of sets of pestles working up and dowTi within a box or trough open behind, to 
admit the ore which slips in under the pc'stlcs, being carried along by a sti'cam of water 
falling over an incdiiicd plane. Each pestle is of w(iod, measuring about six inches by 
iivc in the square, and of convenient length. Eacdi also carries a lifting-bar secured 
with a wooden wedge and iron holt, and each tcrminatc's below in a lump of cast-iron 
called the head, which is fastened to it hy a tail, and weighs about two-and-a-half (;wt. 
The shank •if llic pastle is strengthened with iron hoops. A turning shaft is so arrangc’cl 
as to communicate motion hy earns i>laeod round its circumference, lifting the pestles 
in succcssioii by their lifting-bars, and then allowing them to fall through a s]iace of 
eight or ten inches. They»aro aiTangcd in such a w*ay in the ti’ough, that one falls 
Avhilo the others are uplifted. There may he four cams for each pestle, and about seven 
revolutions of the shaft per minute, giving, tlKU-efore, twenty-eight stamps iier minute 
from each jicstle. Two sets of three or four pestles each, with the trough in which they 
work, is ealhul a huUery^ and a battery of six pestles M'ill pound about sixty cubic feet of 
the ordinary tin stuff (»f Cornwall (weigliing perhaps four or five Ions) in twelve hours. 

In front of tlu' troughs there are openings fitted with an iron frame, the openings 
measuring about eight inclies square. This frame is (dosed with sheet-iron, bored coni- 
cally with a largo numher of holes in the square inch, the narrow side of the hole being 
towards the inside. TIic orcj passing out hy these holes is received into basins, av hero 
it is separated hy water into several kinds of mud afterwards sifted. 

The Crushing-mill, or grinder, consists of pne or moro pairs of rollers 
placed a very short distance apart, and k('pt in motion either hy tho direct action of a 
water-wheel, or steam-engine, or hy cog-wheels attacl^.*d to it. Immediately above 
llu! rolh'i’s is a hopper, into which the lumps to he crushed arc thrown, when, falling 
through l)etwoen the rollers, they arc completely broken into small fragments. Tn 
some eriisliing-mills there are two or throe pairs of rollers, those below being jdaeed 
very near together, so as to reduce the stuff falling from above still finer ; and l)y an 
ingenious application of sieves kept in motion hy tho machine, the stuff can be sorted 
into two or tlurcc different sizes. Altliougli, by passing through the crushing-mill, the 
material has been reduced to vtuy small fragments,, it is not all sorted ; hut in Ibe next 
process, hy the jigging-maehinc, or “ hrcjik-sicvo,” this is done to a considerable 
extent. 

The Jigging-machine consists of a wooden frame, open at the toj), and pro- 
vided with a strong screen, or iron grating, at the hottoin : it hangs over a cist-ern of 
water, being suspended to a long lever, the motion of which alternately plunges it into 
tho water, and raises it out with a peculiar jerk each time. The ores being placed in 
the sieve, and subjected for a short time to this operation, tho heavy metallic pieces 
settle at tho bottom, while the lighter fragments of spar and veinstone are thrown to 
tho top, and every now and then dcxtrously skimmed off with a piece of board by 
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a man who stands hy. In tho opt^mtiou t)f a very important sepai-ation is 

effected, as three products are obtained by it: the small rich paillcles which pa.ss throii^li 
the sieve into the cistern below, and arc removed occasionally as may be* necessary ; 
the larger rich fragments wliicli occupy the bottom of the cistern ; and the poor earthy 
matter which forms a layer at the top. This last product, although poor, still contains 
too much metal to be lost : it consists of small fragments of rock or veinstone, many of 
which have particles of metal, either attached to them or intermixed with them, and to 
any eye hut that of the ininer’s these would appear quite wortlilcss, no less from the 
small quantity of the ore than the manifest diftieulty of separating it iroiu such a muss 
of stony ni alter. 

To extract the ore from this refuse-matter, several processes ai-o used, which arc 
chiefly grinding between rollers placed very close to each other, stamping to a fine 
powder by the stamping- mill, and, tinally, washing upon an inclined piaiie. In thi.s 
operation, the fine metallic mud, or “ slime,'* being carefully spread over the iiiclinod 
plauo at tho upper t'ud, a gentle stream of water is allowed to flow over it, which 
washes the light earthy particles towards tho bottom, leaving the heavier mrtallic on.*s 
ill a very pure state towards tlic top. As in this process, and indeed all other opera- 
tions of dre.ssing in which a stream of water is employed, many of the smallest and 
most minute particles of the ore are carried away, tho wast^ of which, in an extensive 
mine, would be considcrahle, it is arrnng(‘d that all such water shall pass into sucecssivtj 
reservoirs, termed ‘‘ blim«*-pits,** in which the metallic parti(des fall to the bottom, and 
are from time to time collected and subjected to such treatment as to obtain them in a 
tolerably pure state. 

Berdan’s IKEachine. — Tn addition to these contrivances, many have been sug- 
gested from time to time, and tried with various success. As one of the newest, whicii, 
from its simplicity and ctficieney, has attracted much attc’ntion in this country, and has 
certainly prove<l very successful, we may refer to Berdan’s machine. 

This machine consists of a ca.st-iron pan, or basin, fitted with an axis, and made to 
revolve in an inclined or tilted position. Two cast-iron balls, or sludls, one nearly 
fitting the basin, and tho other niqch smaller, are placed within it. Xeai* the rim of 
the basin, are a number of delivery holes, or spouts, provided with wire gauze, wdiieh 
can be so contrived a.s to secure any required degree of pulverisation. Beui'uth the 
basin, and revolving with it, can bo placed a small furnace. 

Tho operation of the machine is simple. Being erected in a convenient ])laee, in 
nests of one, two, or more basin.s, and steam or water power provided, together with a 
supply of water for washing, a quantity of mercury is put in each basin, and the basins 
are made to revolve. 

The halls being at first carried up a short distance by friction, immediately roll 
down towards the lowest, point, and are thus made To revolve in a direction opposite 
that of the basin itscK' The mineral is tJicn introduced on the oft-sido of Uic laj*ger 
ball, in sizes not larger than a hazel-nut, and care must be taken that the quantity 
should not only be regulated by the work the machine is able to get through, but be 
supplied, with great regularity, by a hopper and feeding apparatus. Tho water being 
admitted to flow continuiilly, tho excess runs off by the spout holes, carrying with it, 
as mud, the whole of the earthy matter and the ore that docs not amalgamate, as fast 
as it is reduced to a sufficiently fine powder Ivy the action of tlm other ports of the 
balls. When required, tho mercury, with tho gold in a p&sty state, or in solution, 
can he drawn off by removing a plug. 
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A contrivance for collecting any mercury that may escape from the spouts is sup- 
plied with the machine, and has been found to succeed well in preventing ultimate loss. 
This separator, as it is called, would also collect any stray particles of gold that might 
escape fn)m the basin, and amalgamate them. 

It will be evident from this description, that the processes of pulverising, Amalgamat- 
ing, and washing, take place siniAltancously at the lowest point of the basin, in close 
contact with the mercury ; and that the mercury, instead of being spread over a large 
surfjice, and subject to be broken into globules, is kept together nearly *in one spot, 
lienee arises a great economy of mercury, and much of the peculiar accuracy of the 
machine may probably bo traced to the same cause. 

Tliesc machines are made of various sizes. They seem especially adapted to (lio 
moderately rich ores, yielding from two or three, to fifteen or twenty ounces to the ton, 
of which, as may be supposed, the quantity is not vciy large. 

On the other hand, some of the Siberian contrivances, tliough extremely efficacious 
as washing machines (not amalgamating), opcratuig on as much as two hundred tons in 
a day, \jith the labour of eight horses, twenty men, and six boys, arc bettor adapted for 
extremely poor sands, of which there is an indefinite quantity obtainable at a very small 
expense for cartage and the removal of rubbish, and which can be worked where labour 
is inexpensive. * 

Tin Streaming.— ^riic operation ot streaming for tin is extremely like that 
required for gold in auriferous districts ; but the resultant material being less valuable, 
a larger per contage of ore is necessary. 

In our own eoimtr}', the stanniferous gravels of Cornwall arc not nsmilly upon the 
surface, hut arc either covered with other gravel, or with clay, sand, or peat, which 
require to be removed before the fundamental rock is reached on which the tin-stones 
rest. Tlu' gravel, when collected, is thrown upon an inclined plane, upon which a full 
of water is conducted, and then being worked about, the tin- tones, if of sufficient 
volume, and provided the force of the water is not too groat, remain upon the inclined 
plane, while the lighter stones and cartb arc washed away. 

It is from this method of separating the ore that sucb works have been called 
stream- works. They arc of comparatively small importance in reference to the general 
supply, hut still afford employment to a number of the poorer miners. 

Diamond Washing. — Diamonds arc obtained ii» India, and elsewhere, by opera- 
tions whieli sufficiently resemble mining to justify a description in this place. They 
occur in gravel generally, near the banks of streams, or in mud-hanks, sometimes 
of great extent, in the district whence they have been generally obtained. In addition 
to India, South America has yielded a number of these gems, of large size ami gieat 
value. They have also been found in Siberia, and lately in Australia, and appear to he 
present very gimerally where gold alluvia exist. 

The process of exploring i.s exceedingly simple, and the only tool employed is a 
shaip pickixc. With this tool the men dig into every proiSusing spot, .and deposit on 
the banks of the river all the mud and sand they get up. There it is lookc'd over by 
the women and children of the tribes, who, for tliis purpose, take a ])]ank, five feet in 
length by two in width, hollowed out in tbe middle, and furnished with a rim on each 
side, three inches in height. They place this plank in a position a little inclined (just 
enough to allow water to run off), heap upon it the mud and sand dug from the river, 
and continue for some time to pour water upon it. As soon as the water runs away 
perfectly clear, they anxiously look over the hard stony matter which is left upon 
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the plank, and pick out all the loose pebbles and larger pieces of gravel ; these tliey 
throw away, and the remaining mass, consisting of smaller grains, they remove to 
another plank of the same form as the first, but smaller, and carefully spread it over 
tho surface, so that every particle can be separately examined ; this they do one grain 
at a time, tlu*owing away all that is merely stone or gravel, and laying aside every 
particle of gold or crystal of diamond. They usually contrive to place the board so 
that the sun^shall shine upon it, at a certain angle, during this operation, by which every 
particle shall be well illumined. The earth chiefly sought after, and most accurately 
examined, is a red ochry clay, containing a small proportion of oxide of iron ; in this 
the diamond is most commonly found, though, as it is sometimes met with in the loose 
mud, the whole is well washed and examined. 

Iron Ores. — In a previous paragraph (see page 235) reference has been made to 
tho ironstones of the coal measures while sj^eaking of the minerals associated with coal. 
The manufactiu'c of iron, and the abumhince of iron ores in England, besides the 
peculiar bearing of this subject on general mining,*form a combination of eii*eumstances 
too important to bo li'ft without further reference. We propose, therefore, ty give an 
account of iron ores, more especially those which arc found in our own country, as a 
fit termination to the present notice of mining in slratilied rocks. We shall avail 
ourselves of an admirable account of English iron ores sent to the Great Exhibition of 
1851, by Mr. S. II. Blackwell of Dudley, and described by him in the catalogue.* 

Wales. — From the area of the mineral field in South Wales, and the great variety 
in character, both of its beds of eo.il and its measures of ironstone and blaekband, it will, 
in all probability, long remain the most important iron-making district in tho world. 

The number of furnaces now in blast is 143, averaging about 100 tiiiis of iron each 
per W’eek, or a gross annual production of 700,000 tons, and reciuiring 2,000,000 tons 
of iroiLstoiK', principally furnished from this coal field. In Xorth Wales the production 
is very limited. 

ShzopBhixe. — Annual production of iron about 90,000 tons. This field was one 
of the first important iron-making districts of tho kingdom; but from its limited 
extent, the production of iron in it has remained, for a considerable period, nearly 
stationary. The quality w'hich it produces is very good. 

South Staffovdshixe. — Tho Gubhin and White Ironstones aro the x^i'^ucipal 

r 

* So extensive arc the ironstone beds <jf the coal measures, that they furnish in themselves the 
greater part of the iron produced in Great Britain ; but the reader should be aware that the iron- 
making resources of the kingdom are by no means confini’d to them. The carboniferous or moun- 
tain limestones of Lancashire, Cniubcrland, Durham, the Forest of Dean, Derbyshire, Somersetshire, 
and South Wales, all furnish imporUiitlieds and veins of h'icmatitc ; those of Ulvcrston, Whitehaven, 
and the Forest of Dean are the most extensively worked, and seem to be almost rxhaustlcss. The 
brown bmmaiitcs and white carbonates of Alston Moor and Weurdalc also exist in such large masses 
that they must ultimately become of great importance. In the older rocks of Devon and Cornwall 
arc found many important veins of black hematite, and in the granite of Dartmoor, numerous veins 
of mairnctic oxide and specular iron ore. The new red sandstone furnishes, in its lowest measure, 
beds of heematitic conglomerate. In the lias and oolites are important beds of argillaceous iron- 
stones, now becoming extensively worked ; and the iron ores of tho greensand of Sussex, once the 
seat of a considerable manufacture of iron, may again become available, by means of the facilities of 
railway communication. 

The produce of the manufacture of iron in Great Britain, in 1750, was only about 30,000 tons ; in 
1800, it had increased to 180,000 tons ; in 1825, to 600,000 tons. In the following year the duties upon 
the introduction of foreign iron were either removed or rendered no minal , sinoe which the produc- 
tion of iron has nearly quadrupled, being now about 2,250,000 tons. 



BttITISn IRON ORES. 


261 


ironstones of the Dudley district. The former will average about 1,500 tons pcT acre ; 
the latter varies much both in quantity and richness, but yields about the same average. 

In the AVolvcrhampton districts there arc six bands of ironstone, ail of extremely 
good quality, averaging from 30 to 35 per cent. From the low cost at whicli they are 
generally raised, the number and variety of the measures both of coal and ironstone 
contained in so small a space of ground, and the superior quality of the iron produced, 
this part of the South Staifordsliirc coal field may be considered as one of the most 
important, in proportion to its area, of any of our iron-making districts. It is indeed 
considered to Ixj the second most important iron-making district in the kingdom, for 
although the production of pig-iron in Scotland is equal to that of this district, yet it 
far sur{)asscs Scothand in the manufactui'c of wrought-iron ; whilst the superior quality 
produced also gives it pro-cmincnce over that of Wales. The annual production of 
iron is nearly 600,000 tons. 

North Staffordshire, although not of gi'cat importance directUj^ as an iron- 
making ^strict, its annual produce being only about 55,000 tons, is remarkable from 
the amazing extent of ironstone which it contains, and the large quantities sent thence 
to thf? South Staffordshire, and the North Welsh iron districts. No other known coal 
field contains anything like an equal number and extent of ironstone measures. From 
the Hassey Mine to the llnowles Mine, a scries of measures at the Foley Colliery, 
Longton, of only 250 yards in thickness, thci*e arc nine distinct workable measures of 
ironstone. At iVpcdale, the Blackband, llcd-shag, Bassoy Mine, and Red Mine, iron- 
stones arc respectively 4, 6, 7, and 9 feet thick. In consequence of so large a 
proportion of the cheapest worked ironstone measures being Blackband or carbonaceous 
' and also from the inferior quality of its coals, the iron of this district is inferior. 

I Tozkshixe and Derbyshixe.— In the northern district the annual production of 
I iron is about 25,000 tons, and the quality of iron very superior. The Low Moor and 
Bowling marks arc especially celebrated. The beds of coal in this district are exceedingly 
thin ; and only one is used for iron-making purposes. The production of the southern 
district is about 20,000 tons. In Derbyshire many of the beds of ironstone lie in such 
a thickness of measure as only to bo workable to advantage by open work or boll-pits. 
AVhere these means of working can be adopted, the produce per acre is oftentimes very 
large; in the lloneycroft Bake it is 6,000 tons per acre;* in the Black Shale 8,000 tons. 

Noxtbumbexland, Cumbexland, and Duxham. — The annual production of 
iron is about 90,000 tons. The iron works of this district are gradually increasing in 
importance, the cost of fuel being so low as to permit ores to be brought from many 
diiferent localities. The black bands of Scotland, and of Ilaydon Bridge, the bronm 
haematites, and white carbonates of Alston and Weardale, and the argillaceous iron- 
stones of the lias of Whitby and Middlesborough, arc all used for the supply of tho 
iron works of this district. 

The brown hwmatites deserve especial attention. They arc found associated in very 
large masses, with the lead veins of this district, and occasionally they occur as distinct 
and rcgidar beds. They contain from 20 to 40 per cent, of iron. Soinotimes they 
exist as “ riders ” to the vein, sometimes they form its entire mass, and in this case 
they occasionally attain a thickness of 20, 30, and oven 50 yards. Their employment 
for iron-making purposes is only recent ; but the supply of ore whicjh they can fumi^ 
is almost unlimited ; and when some hotter means of separating the zinc and lead 
associated with them may have been discovered, they will, doubtless, be found to bo of 
great importance. 
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Xiancashize and West Cumbezland. — Tlio piodiuliou of iron in this distiict 
is very limited ; but the quality, charcoal bciiii; used for fuel, is very superior, and the 
produce copibiiics, ^\’ith the lluidity of cast-iron, a certain malleability, especially after 
careful annealing. The oix', both of the ^Vhitehaveu and tin* L Ivorstonc and P'urness 
districts, is raised most o.vtcnsivoly for shipment to the iron works of Yorkshire, Staf- 
fordshire, and North and South AVales. In quality these ores may be c(msiderod a.sthc 
finest in this kingdom, and the supplies which these districts are. calculated to produce 
are very great. The huge per centage of inm which llaw contain (from sixty to sixty- 
five per cent.) and their superior quality, also enable them to hear the cost of transport, 
and tliey are hecotning every day of givater importance. They arc found, holh as veins 
travelling the beds of the mountain limestone formation, tran.sversely to the lines of 
stratifiealiim, and also as bods more or less regular. The former is the general character 
of the LTverstoiio and Fiirne.ss ore.s, no clearly defined bed bidng, as yt‘t, known in that 
district, whilst atAyhitehavon there arc two, if not more hods, of irregular thickness, but 
witli clearly defined floors and roofs, and oftentimes sub-divided themsi'lvcs hj' regular 
partings. These beds attain a conshltTahle thickness, occasionally twenty or thirty I 
feet. The area over which they extend is not as j'ct well-known; but tlicy have been j 
worked exten.sively for many years, and the worldng.s upon them aiv rapidlj' increasing. 
They lie hcneatli an/1 closi' to the coal measures, which botli furni.«5li the necessary 
fue l and also imporlant beds of argillaceous inmstoncs f>r admixture. 

Forest of Dean. — The annual production is about thiity thousand tuns. The 
ores are carboniferous, lying beneath the coal nieasun's ; hut there is al'^o a b/»d 
worked locally in the inillst/mc srrit. The lime.stono ore occupies a regular position in 
the measures— a.-siiming rather the character of a scries of elianiber.-* than a regular bed. 
The.se chambers are sometimes of great extent, and contain many llioiiband tons of ore, 
which is generally very cheaply raised ; no timbering or other support for the roof 
being required. The supply of ore is almo.st unlimited, and the m)n ma/U* fivim it is 
celebrated for the nianufaotiire of the best tin plate, and always hear.s a hiirh jni/T. Tt 
is raised extensively f >r shipment to the iron works of South M^ales. It was worked 
at a vciy anci/.nt date, either by the Romans or the Rritori.s, as is evident from the 
rcmain.s of old workings along the outcrop of the ore bed. This ore averages from 
30 to 40 per cent. * 

Miscellaneous Resources. — Plsolitic iron ores have been found in the old rocks, 
and have, at difter/'nt periods, boon worked to a considerable extent, for transport to 
South "Walc-s. They are of inferior quality ; but the large masses in which tlioy lie 
enable them to he raised at a very trifling expense. They arc found at Tremadoc, 
Pwllheli, Caernarvon, Island of Anglcsca, and many other localiti/js round the North 
Welsh Coast, and w'ill. doubtless, at some period, prove of importance, from the great 
extent to w'hich they are there developed. 

Ilaamatitic conglomerates are found at the base of the new red sand.stonc, and 
generally occupy the position of its lowest bed. Their character, as working ores, is 
very variable, being sometimes mixed up with so much cxtrancou.s material as almost 
to be worthless ; but occasionally they exist in rc'gular beds, and contain so large a 
proportion of Ilsematitc as to become of considerable importance. 

The clay ironstones of the lias arc only just beginning to add to our iron-making 
resources. They furnish an instance of the unexpected development of national wcaltli, 
arising from the facilities afforded by railroads. Some of these arc raised along the 
outcrop of the beds along the coast from Whitby to Scarborough. The cost of raising 
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is OLhfr.i ar« IVom a 1)C(1 at Middlchburough, whoso tliulviios.4 is voi y irrogular, 

somclinics amounting to twelve or fourteen feet, but averaging about six feet. 

I'lie Nortliamptonshiro oolites also yield veiy large quantities of an ore of moderate 
i icbn(\ss, btjsides a eonsiderablo amount extremely rich. All those are at piKJScnt con- 
voyed by rail to the places where fuel is cheap, and they arc not likely to bo available 
in any other way. 

Clyde District. — From the valley of the Clyde are obtained suppli(‘s of ironstone, 
of gi-eat value — more especially the black hmds^ first discovered and worked in this 
district to great profit, 'riiesc rich beds alternate with the coal scams ; and from the 
remarkable facilities offered by tlic mode of their occurrence, and the peculiar mode 
adopted in reducing tlicm, an iron is obtained at an unusually low rate. 

The Treatment of Ores varies according to liio natunj of the ore ; but may 
be generally explained in a few words. Those ores whicli consist cliicfly of carbonate 
of iron require roasting, either in open heaps or in furnaces, in ord<T to expel water, 
sulphur, and (rarboiuc arid, and render them more porous ; but the oxidc.s are more 
easily luauagcd, and it is usual in Kmrland to make aiVadiiiixtiiro of such ores as will 
help each other in fusing. When pivpjred and mixed, the cuts are put into the furnace 
with coke or coal, and with sudi mineral substanees as will eoniV.inc with the earthy 
impurities «)f tlio ore, wltatover th(‘y may h(', anti serve as a llux. Limestone is a 
common flux whtm the ore contains ahimi.'a and silica, as dt) the clay ironstones of 
the coal measures ; but wlmi the ore is chiefly calcar!‘Ous, already including mueh car- 
bonate of lime, silica and alumina are n-'cded ; :ind thus it becomes advantageous to 
mix silicious with calearoous ores, in suck proportions as to avoid the necessity of 
flux. 

Salt Wo»k9.— There are many other suhslancos to which the general principles 
of mining for coal may be ai>pliod, and which, therefore, belong lo« this part of our 
Fubjeel. It is, however, iinuecessaiy to detain the reader with them, as they involve 
no new methods. Of those, salt is perhaps the most important mineral ; hut the usual 
mode of obtaining it from the nt'w red .sandstone of Chc'shiro, where it is very 
abundant, is in most respects similar to the ordinary colliery methods of South Staf- 
ford'shirc. Tliere is no danger in these cases of explosive gases ; but carbonic acid 
gas is not unknovTi. • 

ar.OI.OGY OF MINING IN MINERAL VEINS. 

ISSinexal Veins-— Tlie diirevence is so grc'at between removing portions of a 
deposited rock, as in eoal-miiiing, and laying out or carrying on those opera! ions by 
■which the common ores of co])per, lead, &e., arc obtained from mineral vein^ as to 
require a separate consideration of this latter subject, and a reference to those points 
which arc essential for success. 

A mineral vein has more n^scmblanee to the dyko« and fliiilts spoken of in coal 
mining, and already described, as flir as they afleet stratified deposits, than it has to tho 
deposits thcmsi'lves, of wdiatever nature they be. It may be explained as a crcvico 
more or loss vertical, caused by tho conti’aetion during drying or metamorphosis, or by 
the mechanical disturbance of a rock, tJiis erevieo having been subsequently filled up. 
It may or may not bo connected "with upheaval; it may bo wide cr narrow, regular 
or iiTCgular, limited in extent, or ranging very widely ; and it may either he easily 
recognisable or extremely obscure. It is usually occupied with crystalline minerals of 
some kind, whence its name ; but these arc only occasionally metalliferous, and it is 
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not always evoii when nictallifcrons minerals occur that they arc sufficiently abun- 
dant, accessible enough in a convenient chemical condition, or so intrinsically valuable as 
to be worth extracting. iN^or arc the contents of veins always crystalline, though 
it seldom happens that there is a total absence of metamoi-phic action. 

So varied are the appearances put on, even in ditferent parts of our own country, by 
these mineral veins, and so numerous are the modiiieations elsewhere, that any minute 
definition of the term is out of the tpestion. Still it is essential that the student in 
this department of geology should have some information on which ho can rely. The 
veins differ essentially according to the rocks tliej' traverse ; and thus, in giving an 
account of them, it M'ill be advisable to consider separately those occuiTing in stratified 
rocks (such as alternating limestones and sandstones), those in inetainorphic schists, and 
those in granite, basalt, and other rocks chemically arranged. 

In altered stratified rocks both copp*'!* and lead veins oeeur ; but in this country, 
and indeed generaDy, the latter are the most common in limestones and guts, while 
copper prevails in slates, schists, and porphyritic rocks. The veins of lead ore that arc 
most characteristic occur in the carboniferoiLs rocks of AVales, Dei by shire, Durliam, and 
Northumberland, and arc of three kinds, which are tcchnieaPy known as rakevcins^ 
pipe vehiSf and Jfais, Coi»por ores occ undng in metamoqdiie sehis s and granites, arc 
chiefly found in England, in the counties of Cornwall and Devonshire. 

Rake Veins are simple crevices cro3.sing all the rocks of a serit‘s, gencmlly vtT- 
tical or highly inelint'd, and having all the characters of ereviecs fonued in the rook 
by contiaction — a gash or open fissure having thus been formed, which has souK'ti'.m*.-, 
on subsequent upheaval, expanded th(* gap already formed, or produced a small fault or 
slip, preventing the two sides of the fissure from now corresponding. Such crevices in 
England arc rather limited in extent ; but in South America they have been followi'd 
sometimes for more than fifty mih's. 

There arc two kinds of rake veins, om* consisting merely of cracks or rents, witli- 
out any slip or disturbance of the strata — ^the other including faults, so that the edges, 
originally opposite, arc now at different levels. The latter (sitjf are often 

twitched — in other words, the intervening ?«paf;e between the walls (or checks) of the 
vein arc irregular, sometimes large, and then immediately closed, tluis forming a sue- 
cos.sion of pockets or bellies, wl^^ch arc often filled with ore, but which arc sc'paraied 
by intervals where the ore does not exiot at all, or is too poor to pay for working. On 
the other hand, the former (ff/ts/i rcin.^) arc more regular, generally rather wider at top 
than lower down, and often found to close altogether. As an example of llu) magni- 
tude of veins of this kind, and the extent to which they are sometimes filled with ore, 
may be mentioned the case of a mine at Idangunog in Wales, w’hich showed for some 
time a solid rib of galena (lead ore) five yards wide in the middle of the vein. From 
the workings of this vein, we arc told, “ The ore was poured out of the kcbblos at the 
shaft head into the waggons, and carried directly to the snidting-house, without being 
touched by the washers and dressers of ore, besides several feet upon the sides of the 
vein which, mixed with spar and other stony matter, and went through the hands 
of the wadiii^.”* 

This noble vnin was cut off below by a bed of black schist, and was never after- 
wards recovered. 

The slip, or throw veins, are less vertical than the gash veins, and arc often toler- 
ably regular. They traverse all the strata ; but they do so unequally — ^that is, the 
* Forster’s Sections of Strata, p. 187. 
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interval between the walls is very apt to vary in crossing different rockh, and the value 
of the vein for ore is also greatly affected by the nature of tlio strata. They contain 
ore often distributed in threads or strings of various thickness, with much spar or 
other mineral innttcr; but the actual space is not unfrcqucntly filled up with* clay. 

Obeying the law of faults already spoken of in reference to the coal measures, there' 
arc certain te(thuical ruh's for miners in slip veins, derived from observation, and 
cxtrcjinely usc'ful. Amongst these may bo mentioned the fact, tJiat if the vein traverscjs 
several strata, it will be found most regular in the thickest of them. It is also the 
case that the ore in siicli veins is extremely irregular, following no law that can be 
traced to have regard to the nature, magnitude, regulanty, extent, or other conditions 
of th(j veiiiJ^ 

It is regarded as a bad sign in a working to find the vein diverge into strings ; and, 
on th(j other hand, a jun(‘tion of two or more strings or veins is looked on as favourable. 
Veins that cross the i)revailiiig systems have rarely been found so productive of 
metallic ores as the others, except at the place of crossing, where they arc usually 
rich. 

Besides the more regular rake veins, as above described, there are some of the 
same general kind, which are, to a certain extent, exceiitional. The most remarkable 
are those which open suddenly into large bellies of ore, and those which open and close 
alternately, forming waving veins. . In these cases there is little if anything to guide 
even the most experienced minor ; but it often happens that such veins are of great 
value whore they open, although, when onec closed, it is quite uncertain whether they 
again contain ore. 

Pipe Veins arc of the nature of irregular cavities, inclined at various angles to 
the horizon, and consisting generally of expansions, or hollow spaces, parallel to tho 
bedding of the rocks in which they occur. They differ therefore essentially and in prin- 
ciple from the crevices which form rake veins, thougli in some districts they are quite 
as remarkable for their mineral wealth. Such veins arc occasionally fiUed with si)ar 
and ore, and sometimes almost entirely occiijued witli soft mineral soils. They are by 
no means coiilincdflj a tubular form, nor are they always continuous between two dis- 
tinct beds of stone; but they owe their name to one peculiar characteristic — namely, 
that th(;y have no proper longitudinal bearing, and can only be regarded as having the 
direction of tbi'ir length ; and this, as has been said, ctUTcsponds to the dip of the strata 
in whitih they occ'iir. 

Flat VeinSf like the former class, con'cspor d with the strata, but iustcad of being 
iiTogular cavitie.s, are, as the name imports, comparatively flat, or at least correspond 
irregularly with tho stratification. The beds above and below such flats arc usually 
distinct and will marked, and so far they resemble beds of coal between shale and 
sandstone, but they contain spar and ore. Occasionally several flat veins extend 
between bands of rock from tho place where a rake vein crosses, 'while sometimes an 
accumulated vein occurs of the nature of a pipe, connected with flats of ore and lead, 
to form a rake vein. Some cavities thus filled arc of extraordinary dimensions. 

The kinds of veins above described are chiefly found in tho limeslom a and shales 
belonging to the carboniferous series of rocks, and form a well marked and important 
group, especially for load and zinc ore (sulphurots) in this country. So nu ‘thing of the 
same condition prevails on tho eontinenti especially in thi* limestone districts ; but the 
veins (called lodes) in Cornwall, and many other mining districts, arc so far different, in 
important respects, as to need special description. 
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Indirection of Iiodcs.-AVlicn luctaTiiorpliic roclvs (including uiidor lliis general 
name all granites and other rocks commonly sj^oki'n of ns igneous) are carefully 
examined, they arc always found striped and yariegated hy a multitude of threads or 
irregular veins intersecting the mass. Many, indeed most «^f these, arc of some simjdc 
mineral, either quartz, limestone, sulphate of baryta, or others, varying according to 
the iialure of the rock; and in such case, the directions of the veins arc not such us to 
j’ive any idea of system. Besides these, however, there are other veins often nineh 
larger in dimonsi(m?, though of the same nature, partially fdlcd with ores of various 
metals, and not Tnifn-qiicntly so far capable of being grouped into systc'nis as to enable 
us to speak of a delinite eonipass-hcaring as belonging to a certain sei’ics or group of 
veins. It i-* aUo ioinnl that the mineral veins containing ore art' move oi^ess parallel 
to the general line of elevation wlsich hashronght np the mountain range or elevated 
hands of nietainniqdiic (igneous) rock in the district. 'I'lius in Cornwall, a glance 
at the geological map W(Mild show at once tliat this direction was east and west, or 
nearly so ; and this aceiu-dingl)* is the bearing of the principal rich nielalliferous veins 
of the district. There are, however, other not unimportant veins at right angles to 
llicse, usually hearing metals dilforent from the former and loss almudant, and stunc- 
times there are veins running ncarl}" north-cast and south-we.st, which are called t'mtras 
(tcelmieally muntcr^). Those are the three kind.s of mineral vein or lode of tin* south- 
west of England, the right running, or cast and w est lodes, containing cop]>er and tin 
(the metals of the district'; ; the cross course.^, or north and south Uxlos, iiMially bearing 
lead; and the contras north-east and south-west, or north-west, and south-east, not often 
valuable, hut hearing copper rallirT than load. 

Thus in tlio lead veins already alluded to there are ecTlain rules that appear calcu- 
lated to guide the minor, thouffh the reason lias not yet heim clearly madi; out. Thus 
changes of all kinds in the nature and even in the harrlnes.s of a rock are indicative 
of a change in the yield of ore : an entire change of ground is randy without a marked 
alteration ; and in respect of particular metals, a change from slate to granite is favour- 
able for tin, but unfavourable for copper. 

Magnitude of IfOdes.—Tho magnitude of true veins or f>des is excecdinglv 
various ; woikable veins existing in which the thickness of llie metalliferous portion is 
only a few tenths of an inch,«w'hile othei*s range for many hundred fathoms, and (*vcn 
for miles, alw'ays rich and valuable. Sometimes wben a vein expands it becomes 
poor ; but instances arc know n wdi tc the thickest part of a rich lode is also the richest 
part. There arc masses of iron ore ‘n Piedmont three hundred and fifty yards thick; 
and the great opim mmo at Eahlun, in Sw'cden, is half a mile long, and scv<Tal hundred 
yards wide. Such masses arc somctiinos called stockw orks, from a Gi rman word. 

The depth of the metalliferous portion of a lode is unknown. It is, however, 
generally imagined; perhaps without much reason, that the ores of tin arc most valuable 
at a small depth, while those of copper increase in value and amount as wo descend. 
The swcKing out, as "well as the bifurcation of a vein, certainly affects ils richness. 
The transition from shales or schists (called /cilias in Cornwall), to granite or clvan 
(porphyrilio dykes so called), is sometimes accompanied hy a great improvement in a 
lode crossing them ; bxit this sometimes impoverishes it. 

Lodes range along the surface sometimes for a long distance, b(;ing rich at intervals ; 
and the distance has some reference to the magnitude of the disturbing forces affecting 
the di.strict. Thus, while there arc few instances in England of lodes being distinctly 
traceable many miles, there is a vein in Chili nine feet thick, which has been proved 
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for ninety miles, and wliicli is aeconiiianicd by branches thirty miles in length. The 
width of this lode is about nine feet. 

The nature of the rock enclosing the lode has already been spoken of as often 
greatly atfocting the form of the vein, its magnitude, and its riches. The presence of 
dykes of igneous matter (elvans), is also to be noticed as influential. There is no limit 
to the varieti('S of appearance presented by veins in different districts, and notliing 
short of sound knowledge and large cxpericneo will justify any one, however acute, 
or however familiar with the detfiils of any one district, in coming to a conclusion as to 
th(i value of mineral indications in a new locality. 

Filling of Veins. — Mineral veins are not merely crevices in rocks, hut crevices 
oeeupied with mineral snhstama's in a C(*i*tain condition ; and wo must now consider 
tliis euiiditioii in reference to tlic mclallilcrons ores. By far tlic p*oatcr jiart of the 
contents of a vein or lode consists of earthy minerals, which, however, are generally 
in a state more, or less erystallim*. The name of spar is given to such crystalline 
minerals, aril amongst them appear quartz in various states ; carbonate of lime, also in 
various forms, fluale of lime, sulphate of lime (comparatively rare), sulphate of bary^tes, 
^:e., besides many hoautifiil and more complex minerals. 'With them arc associated, 
often in gi-cat abundance, inyi pyrites or sulpburct of iron;- and as metalliferous ores 
wo find occasionally several native metals, n.otallic oxides, metallic sulphurcts, and 
numerous double ujhI triph? salts of mebils, besides various combinations of metals. 
The object of the miner is to extract such of these ores as will repay the cost of getting 
and w urking. In ])hco of the hard crj’stalliiic or semi-crystalline earthy minerals arc 
sometimes found soft clayey siibstanccs, often coloured with iron; and not unfri'qui'ntly, 
when the vein is in a largo iissnro, it is oceuxued with a large quantity of lough clay, 
greatly interfering with the value of the lode, which, under such circumslanccs, usually 
dies out. Such a v('iii is called, by Cornish miners, Vijlaohafu 

There is often ample proof iii the mode of filling a vein that this operation has 
taken ])laeo subsequently to its formation, and in many eases something of the history 
can be traced. In mines in Germany it is not uncommon to meet with veins chiefly 
occupied with a hroccia or e.oTiglomeratc, cemented together by quartz, carbonate of 
lime, or other jiiiueral. llemarkablc instances of this arc doseribed by Wenier, and 
in many of these instances there is a large open cavity^connccted with, and forming 
part of, the v(*in ; and there has evidently been in such cases a considerable amount 
of mechanical arrangement, suceoedei by chemical action on a large scale. 

Intersecting Veins. — Sets of veins exist in all mining districts whicli are 
errtssed and displaced more or less by otlier veins. The latter must evidently bo of 
more modem date than the former, and thus something is learnt as to the history of 
tlio filling up. Since, however, veins are found containing all the usual eartliy 
minerals, and most of the common metals penetrating rocks of the most recent date (and 
therefore clearly themselves yet more modem), there ceases to be any question as to 
the possibility of these repositories being formed and filled up within a very brief 
period, compared with that occupied by the deposition of known strata. 

Distribution of Metals. — Rocks of almost all kinds ai*e occasionally split and 
fl.s 3 urcd, cither by simple contraction or upheaval, so that veins of some sort or other 
arc widely spread in all countries. It is even the case that certain motiils arc almost 
equally distributed, such as iron and manganese ; but the veins arc seldom worked, 
for various reasons. Practically, however, it happens that tlic valuable metals and 
metallic ores are cither dispersed at rare intervals over the earth, being confined to a 
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! few localities, distant from oiieli other, or else that they arc iisnnlly present in quantities 
so small as to have no value. 'J’lius, while gold, as already said, is verj' universally met 
with, it seldom pays the cost of working ; and silver, though much less conmion, is 
' more profitable for regular mining. Copper, lead, tin, and zinc, the niet^ils of which, 

I next to iron, there is the largest and most regular demand, involve far h^ss risk, and, in 
1 the end, produce much larg(*r profits. Mineral veins, therefore, are objects of the 
I greatest interest in all their details, and any information coiu'erning them is useful, 

I and maj" lead to important results. The associations of metals with each other, and 
' with various veinstones or spars — the ridative value of veins liaving certain common 
pcculiarifics of position or appearance — the appearances at the surface, which h'jid to a 
knowledge of the interior, are all points of interest ; and, having said a few words with 
regard to some of them, we may proceed to give the student a practical definition, 
which will guide him in many cases, and bo a starting-point fi»r fiirtluT informati»)n 
in many others. 

Recapitulation. — ^Mineral veins, then, arc of the nature of fissm*es or crevices, 
more or less nearly vertical, ])roduccd in rocks, generally in(‘tamoii)hie, and often 
originating cither in simide contraction or contraction folh)\vcd by iipheavpl. Tlii-y 
are, of course, newer than the rocks which they traverse, and they cross all the rocks 
in their way, though the result differs much in dilleront cases, aeeoiding to the 
^ nature and mechanical ermdition of the rocks. 

Formed in this way tliey are found to obey certain laws. They have usually 
what arc called chveh or icaUs — definite partings, often somewhat diffennt from the 
containing rock, and more or less parallel to each other. They exist in sots of several 
in the same district, appro.ximately parallel, and others at right angles, with a few 
that are intermediate ; but they are connected by branches, strings, or threads, wliich 
are, in fact, smaller veins not following tli(‘ law of direction. They vary oxcecflingly 
in all dimensions, length, breadth, and depth ; they rarely terminate abruptly, and those 
of one set arc sometime.^ ero.«scd by those' of another of more recent date. 

These veins are also filled with mineral sukstances, m»»st or all of M'liieh Iiave beem 
giadually introduced since their formation. iMany of them have been deposited from 
water; others, in all probability, from hot vapour and steam. In others again (probably 
a small number), there app(<irs to have been injection of mineral matter in a jmdted 
state : while, in all probability, the whole number have undergono groat subsequent 
change, and may have h'.'cn entirely filled in consequence of a segregation of particles 
from the mass of the containing rocks, and fi*om the contents of the vtdii, so as to pro- 
duce these complicated erystallization.s and varied mineral and metallic substances often 
mot with. 

In addition to thi.s, and as further illastrating the .subject, it may be added that 
productive veins arc found, in most cases, to contain a larger proportion of metalliferous 
substances near cross courses, close to and at the point where a vein emters a different 
rock from that which it has hitherto traversed, and near the points where strings and 
threads (hence called leaders and feeders) come in. On the oth(T hand, a sudden en- 
largement of a lode is often a sign of poverty. The divergence of a lodo into a number 
of small ones is also unfavourable ; and a gi-oat mixture of minerals is not generally 
likely to lead to an abundant supply of any one. 

GossaAS.-— M^ith almost all lodes in certain districts, and with certain classes of 
vein-s generally, there is so large a quantity of iron present that the decomposition of 
this metal near the surface produces a ferruginous stain. The tops of many lodes 
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(near the surface) arc also not unfrcqucntly open, cavernous, and formed to a consi- 
derable extent of iron oxide. Thus in Cornwall, and many parts of Germany and 
France, in mineral districts, an irony appearance of a vein, where seen at the crop, is 
rcgaixled as favourable. In Cornwall such an appearance is called a gossan^ and a 
Cornish miner is apt to believe that a good gossan necessarily leads to a good vein in 
the depth ; and, on the pther hand, that no large vein is worth anything witliout this 
accompaniment. The chapeau en fer in France, and the Eisenkopf of the German miner, 
arc similarly valued ; but it is quite a mistake to assume the universality of this law. 
In some rich mining districts no iron, or scarcely any, exists in the earth, and therefore 
the ferruginous stain is altogether wanting, although the richest and most valuable ores 
of copper, tin, and lead, may bo underneath. The gossan is a good indication where a 
country is w(*ll known, and experience has proved that it ought to exist; but in a new 
district other appearances must decide as to the value of a properly. In Cornwall it is 
(JspeciaUy common, and often extends to as much as thiity fathoms below the surface. 
In itself, consisting of iron oxide, it is valueless, but it has been found in many eases 
to <!ontain admail quantity of gold (a few pennyweights to the ton). The Poltimore 
mine (North Devon) has bi'come celebrated within the last two or three years as con- 
taining more than usual of this valuable metal; but on operating on large quantities it 
lias not appeared to be sufliciqut to pay the expenses. 

Aqueous Theory of Mineral VeinSt- -The opinions of writers and pmctical 
men, as to the cause of mineral veins and the mode of their fllliiig up with metalliferous 
ores, wore extremely vague and unsatisfactory before the time of W^'erner. That 
eminent geologist, trusting to tlio local knowledge which he possessed, and neglecting, 
in his broad and able generalizations, the doubtful and obscm*c accounts which appeared 
tO contradict his own researches, was led to propound a theoiy of veins which now is 
quite untenable, although it was suflicicntly important, and embraced a sufficient variety 
of facts, to be well worth notice at the time. 

AVerner asserted, that tme veins were of necessity rents or crevices open in their 
upper part, and filled up from above ; that the matter they contain vras inccipitatcd 
from solution or susiicnse in water, just as beds or strata are formed ; that they are of 
ditlouent ages, distinguishable by the order of deposit of the coutonts ; that they are 
limited in range and position, and gi*ouped into certain districts. These assertions are 
no doubt true for certain cases, and especially for some of fhose whicdi the great Saxon 
geologist had himself examined; but it is equally certain that they are altogether 
incorrect with regard to the majority of cases. Many veins, containing carbonates of 
lime?, iron, copper, &c., oxides of iron, and numerous other minerals, may doubtless 
have been enlarged and filled by the agency ofwater. 

Theory of Sublimation. — In contradistinction to this view, another theory was 
propounded some years ago by M. Ncckcr, based on the fact that mineral veins almost 
invariably occur in mountain districts, and arc more or less immediately eonnocted 
witli disturbances of strata, and with great lines of dislocation, or else arc in the 
immediate vicinity of igneous rocks. Monsieur Nceker, struck by tlicse facts, which 
are very evident in a large number of eases, has investigated the subject with reference 
to llicse Uirco questions,* viz. — first, w’hcthcr there is any unstratified rock near each of 
tlio knoNvii metalliferous deposits? — secondly, whether, if none such appear at the 
surface, there is any distinct evidence or any high degree of probability that an unstra- 
tified rock exists immediately under a metalliferous district, and at no great distance 
* *< Proceedings of Geol. Soc.,” vol i., p. 892. 



270 


THEOKY OF MINERAL VEINS. 


from the surface ? — and, thirdly, whether there are found any metalliferous deposits 
entirely unconnected with igneous rocks ? 

The first of these questions may certainly ho answered in the afiirmatiye, by 
reference to a vast number of cases, forming the great majority, of known mineral veins 
in all pai'ts of the world. The great mining districts, in all countries, have been shown 
to be immediately connected with unstratified and crystalline rocks. 

In answer to the second question, M. Nccker refers to i^number of instances in 
Europe where mineral veins occur nearly and evidently assoeiated with unstratified 
rocks, though not actually proceeding from or passing into them. 

Such is the case, for instance, in the Isle of Elba, where an abundant supply of iron 
ore is obtained from veins in scdimcntaiy rocks ; but the close vi(‘inity of erupted por- 
phyries and other igneous rocks, and their actual appearance at the surface not far 
from the veins themselves, is sufScient proof of their presence in considerable abund- 
ance. 

With regard to the third question, the answer is, although not absolutely in the 
negative, yet sufficiently so to add great strength to any argument that might be 
deduced from the answers to the foimicr questions. 

The quicksilver mines of Idria in Garinthia, and the lead veins in the mountain 
limestone of Flintshire and the south-west of England, arc among these apparent 
exceptions ; but the former occur in a district neai*ly connected with thci great eleva- 
tions of the chain of the Alps in its continuation eastwards, and the latter arc not far 
&om considerable dislocations and disruptions of the carboniferous strata. 

Observing how commonly it happens that mineral veins make their appearance in 
districts characterised by the presence of altered or mctamorphic rocks, it might 
naturally bo assumed that they wore chiefly confined to strata of ancient date. This 
appears, however, to be by no means the case, and metallic ores arc known to occur in 
rocks of the secondary and even tertiary periods. And although the generalizations 
attempted to he deduced by early geologists, as to the ago of metals, arc not aKogether 
home out by facts, there still seems to be a certain order of antiquity in their aiTangc- 
ment ; for tin has not hitherto been met with in any rocks of modern date ; nor have 
the precious metals been obtained except from the older veins. 

Apart from considerations of age, there are other circumstances, dependent apparently 
upon local influence in the fiistribution of metals, which aze also worthy of notice. The 
slates, for instance, of Cornwall and Devonshire arc of nearly the same gecdogical age 
as those of North Wales and Cumberland ; but the metalliferous ores found in them 
differ exceedingly — tin abounding chiefly in the southern counties, copper being the 
staple in the central and some ports of the northern, and lead in other ports pf the 
northern district. It is true, indeed, that copper and even lead are found with tin in 
Cornwall, and that Ipad is associated with the copper of North Wales and Coniston 
Water Head ; but there arc indicatious of preference, if we may so say, which well 
deserve careful investigation. 

It is a fact of coiisidcrahlc interest, that the limits of mining districts arc often very 
decided, and marked by peculiarities in the physical features of the country. In the 
north of England, the neighbourhood of Gross Fc^U has been worked with the greatest 
enterprise ; but no instance has occurred (it is stated by Professor Phillips) of a single 
vein being traced across the great Peninc fault to the west. Similar facts have been 
observed with regard to the Flintshire veins, which occur in the carboniferous lime- 
stone, and which in no instance enter the silmrian rocks. In this latter case, as in 
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many others, the older rocks rise on the line of a great axis of disturbance, and seem 
entirely to cut oif the whole of the mining ground. 

M. Ncchcr considers it a necessary result of the connection he has successfully 
endeavoured to show between veins and igneous rocks, that the method of sublimation 
was the one adopted by nature in almost every case to fill up those cracks and fissures 
in tho crust of the ea^ which have resulted in mineral veins. 

ZgaeouB Theoxfv— This theory of sublimation differs considerably from that of 
igneous injection proposed by Hutton, and both of them arc diamctric^y opposed to 
the theory of aiiueous deposition as promulgated by Wcmcr. 

The lluttonian hypothesis, that the contents of veins were in all cases injected from 
below in a state of igneous fusion, is scarcely more probable or better founded than the 
rival theoiy of the Saxon geologist. 

That some, indeed, of the cracks in strata, such as trap dykes, have been so injected, 
must be regarded as probable, because in many cases wo actually see the cilccts of heat on 
tho rocks Ibrming the walls of the dyke ; and it is clear that quartz and many other 
minerals, tnd probably occasionally metalliferous ores, may have been forced up from 
below. But if this theory were really true, wo should surely sometimes find tho ores, 
as we do tho basalt, protruding above the surface, and we could trace the direction of 
the cuiTonts in Avhich tlip matter flowed, and discover some relation between tho 
different masses of ore that occur in the veins. 

With rc'gard to the theory of sublimation, by which it is meant that the minerals 
and motaUic ores have been volatilized by heat, and afterwards assumed their place by 
condensation, there can be no doubt of its being occasionally a vera varna ; but, like tho 
other theories, it fails in universal application. Both this and tho Huttonian theory of 
injection would seem to re(iuirc that veins should bo richer in metallic produce as wo 
descend to greater depths in a mine ; but it has been already remarked, that experience 
is opposed to the existence of any such necessity. 

Zilectjrical Theory. — ^An attempt has been made to account for the phenomena of 
mineral veins by the agency of electricity ; ai^ tho advocates of this hypothesis con- 
sider, that by refciTiiig to cloctro-cbcmical action, many of the most characteristic and 
remarkable of tlic facts that have been observed may be satisfactorily explained. The 
great improvements and discoveries that have of late years been elicctod in this branch 
of science, and the certainty that electricity is a most powerful force, acting incessantly, 
and affecting even the minute structure of inorganic bodies, corresponding almost with 
the vital principle in its power of removing, re-arranging, and selecting the particles of 
dead matter, render every suggestion, with reference to this force, worthy of the mobt 
careful attention. 

Tho experimenter to whom science is chiefly indebted for the original researches on 
which the electrical theory of mineral veins is founded, is ^Ir. llobcrt Were Fox, who 
greatly distinguished himself by a vast number of investigations on the mutual 
relations of electricity and magnetism, and their mode of action in re-aii-angiug the 
particles which compose the crust of the globe. 

Assuming the existence of fissures produced in the solid substance of tho earth’s 
crust at various times, and taking it for granted also that they penetrate to great depths, 
are exposed to a high temperature, and must have been filled up progressively, Mr. Fox 
has shoum the probability there is pf heated water having been circulated in them by 
ascent and descent, and the certainty that ' quartz and earthy substances might be 
deposited from water in that state. Ho then proceeds to explain, that in such fissures, 
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filled with metallic and earthy solutions, the different sorts of matter on the sides must 
necessarily produce electrical action, which might be rendcared more active by the 
unequal temperature of the water and the walls of the fissure. Currents of electricity 
thus generated would pass more easily in the fissmes than thi'ough the rocks, and they 
would pass in directions confonnable to tlic general magnetic currents of the districti 
and therefore east and west, or somcM'hat to the north or south o^^eso points, according 
to the position of the magnetic poles at the period when the process was going on. 

Electrical emrents thus circumstanced would deposit the bases of Uie decomposed 
earthy and metallic salts on diffci-cnt parts of the rocky boundary of the vein, according 
to the momcntaiy clectiical state and intensity of the different points ; and the nature 
and position of the rocks would be influential in determining those conditions. When 
by such processes particular arrangements had happened, new actions might arise, and 
amongst them a series of secondaiy phenomena, such as the transformation of ores 
without change of form — a fact otherwise very difficult to comprehend. Lateral rents 
might also bo filled by virthc of these new actions, even though they were not in the 
most favourable lines of electrical circulation. 

In confirmation of his views, Mr. Fox has actually succeeded, hy direct experiment, 
in forming well-defined metalliferous veins by means of voltaic ^currents operating 
under circumstances resembling those supposed to have occriTcd, and which sometimes 
do occur in Cbmwall. 

Absence of any Uniwezsal BKethod.— Before bringing this subject to a con- 
clusion, it may be observed, as some, and perhai)s a suliicient, excuse for the imccrtainty 
of our knowledge concerning it, that it is the most diificidt of all departments of 
geology ; for it requires the closest investigation, combined witli tlic broadest general 
viows^ while the moans of pursuing such investigations arc scanty and unsatisfactoiy, 
and the examination of mineral veins in the minbs themselves is rarely productive of 
any useful result. ^:It. cannot, therefore, be a matter of surprise that different, and even 
opposite, views hate been advocated by those who have only partially obsciwcd Natiue ; 
and perhaps it is the safest plan, as it certainly seems the only way by which w'c can 
reconcile conflicting opinions, to take a middle course, and admit tlie validity of each 
cauae that has been assigned. 

Xor is such a mode of escaping from the difiicultics of the case unrcascnahlc or 
inconsistent 'with what we know of the ordinary course of Nature, in which all means 
arc used, and every variety of cjiuse employed, to bring to perfection one great result. 
In examining the contents of veins, one cannot hut be stnick, not only by the appear- 
ance of a complication of causes, but by the evidence of their succession, rendering it 
probable not only that diflerent agents have been cmidoycd, but that they have done 
their w'ork separately as well as conjointly; that they have operated at different 
periods ; and that one has produced cflccts for which another was inadequate. 

Discovery of Mineral Veins. — Reverting to the main facts connected with 
these phenomena, the student will remember that metalliferous veins, or lodes, are 
limited in geographical and geological distribution ; that they exist* in sets, having 
different compass-bearings ; that they gcnerally^tcrscct the surface ; and that they often 
cross or run into each other. They are found either accidentally or by actual search; 
in the former ease being exposed in river-beds, or sea-cliffs, in road-cuttings, and 
by ordinary agricultural occupations. They are sought for by observing natural indi- 
cations in a known district, by tracing the gravel of a stream by a process called ahoding; 
by opening the surface by what arc called eoateaningsy or costeaning pits ; and, lastly, by 



DISCOVERY OF VEINS. 


273 


sinldng shafts, or driving adits into a hill-sido to cut the lode, and if worth while re- 
moving the ore. We do||iot include among methods those peculiar powers assumed 
by some persons, even at the present day, who believe in the divining-rod, and fancy 
I they SCO a lambent flame floating over productive lodes; although it would not bo right 
to omit all notice of so peculiar a superstition which still prevails in some districts of 
Cornwall.* -a’ 

Of the natural indications of copper lodes, the water of the neighbourhood is one by 
no means unimportant. The harsh taste of the water is, of itself, a guide ; but a bettm: 
expedient is to immerse a piece of bright iron in it for two or three days, when the 
(colour will decide, as the copper (if any exists) will be deposited on the iron, commu- 
nicating a decided cupreous tint. 

Gosteaning is a method commonly adopted to discover the presence of a produc- 
tive mineral vein. The word literally means “ fallen tin,” and the process consists of 
sinking small pits through the surface deposits to the solid rock, and driving from one 
to another across the direction of the vein, so as necessarily to cross all the veins be- 
tween two ftuch pits. Where the prevalent strike of the principal systems of right- 
ninning veins is clearly made out in a district, costeaning is likely to be found a very 
effectual process, and zhay safely be adopted for any metal. The pits are often sunk 
several feet into the rock befere tlie communications are made between them. 

The method of costeaning, already rcferied to, is sometimes modilied by vrorking 
drifts for discovery across the direction of the right-running veins of a district. Where 
the rock is not very hard, and is not covered up at the surtace by detritus, or a thick 
coaling of vegetable soil, open cuttings may be made in this way at a very small cost ; 
which wdll lay bare the lodes for a long distance. If, in consequence of the form of the 
ground, this can be done at a depth of twenty, thirty, or forty fathoms, without getting 
below the >vatcr level, and where driving is not expensive, either from the nature of 
the ground or the timber required to support it, the lodes will be muoh more effectually 
laid bare. Cross courses are not unfrcquently made use of in this way ; but it must bo 
borne in mind that the condition of the lode where crossed is often, in such case, very 
different from that elsewhere shown. 

Shoding is another ancient, but useful, mode of determining the position of a lodo* 
Like costeaning, it was originally adopted ift Cornwall for tinstones, but has since been' 
introduced as part of a general system of discovery in other cases. The principle in- 

* It is singular that the divining-rod should have so far entered into the list of metliods for dis. 
covering ore in Cornwall as to occupy in its description several folio pages in the otherwise sensible 
and useful treatise by Mr. W. Pryce, well known to all persons interested in the literature of mines. 
This hook bears date 1778; and in concluding his account of the '* Virgula Divinatoria,” us it is there 
designated, the author gives a number of illustrations of its successful use in Cornwall. lie then snys, 
“ Hence it is very obvious how useful the rod may be for the discovery of lodes in the hands of an 
adopt in that science ; but it is remarkable that, although it inclines to all metals, in ihc hands of 
unskilful persons, and to some more quick and lively than to others, yet it has been found to dip 
equally to a poor lode and to a rich one. I know that a grain of metal attracts the virgula as strongly 
as a pound ; nor is this any disadvantage in its use in mining; for if it discovered only rich mines, 
or the richer parts of a mine, the great prizes ip the mining lottery would be soon drawn, and future 
adventurers would be discouraged from trying fl^ir fortune.** It is singular to find such opinions 
prevail ; but the history of the period abounds with similar instances, and the divining-rod is only 
one of a large class of deceptions where success would seem to depend only on unblushing Impudence, 
or the grossest self-delusion on one hand, and the most, wilful blindness on the other. That honest, 
trustworthy, and even intelligent people have given way to the delusion is, however, beyond 
question. 
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volved is, that when a part of a lode consisting of fragments of heavy ore mixed with 
the comparatively light spars, and stones accompanying it, i^broken off from tho top of 
tho lode during a general denudation of the surface, the lighter particles will bo carried 
farthest, and the heavier left behind ; so that, in fact, there will bo a natural grouping in 
the order of the specific gravity of tho stones. Thus tho largest quantity of ore, and 
the largest fragments, will be left nearest tho vein, and tho others w’ill bo conveyed along 
the river churse, gradually diminishing in amount. It will also happen that the ore, 
being derived from a small breadth of vein, is compnsed within narrow limits at the top 
of a hill, but may cover a large space, and be distributed by several streams in the plains 
below. It has already been remarked that tin shodes are the most common, owing to 
the high specific gravity of the ore. Shodes of mundic (iron pyrites), copper pyrites, 
and lead ore, arc also found, but loss abundantly. Quicksilver shodes, and those of 
wolfram (a valueless mineral, resembling tin stone), are often mot w'ith. Silver and 
gold shodes are known ; but the metal in the latter case is more usually obtained from 
the shode than the vein; and in the former is not so effectual, owing .to the lightness 
of many silver ores. The following account of the method, taken from Pryce (already 
quoted) will give the best idea of tho process still adopted : — 

“ When the miners find a good stone of ore, or shode, in tho side or bottom of a hill, 
they first of all obseiTC the situation of the neighbouring ground, and consider wbenex; 
the deluge could most probably roll that stone down from the hill; and, at the same 
time, they form a supposition on what point of the compass tho lode takes its course : 
for if the shode be tin or copper ore, or promising for cither, they conclude that the lode 
runs nearly cast and west ; but if it is a shode of lead ore, they have equal reason to 
conclude that tho vein goes north and south. After finding the first stone, or shode, 
they sink little pits as low as the first rubble, which is the rubble or clay never moved 
since the flood, to find more such stones ; and if they meet with them, they go further 
up the hiU in the same line, or a little obliquely perhaps, and sink more pits still, while 
they find shode stones in them ; but they seldom sink those pits deeper than the rubble 
upon the shelf, except they arc near the lode. If the shodo is found in vegetable soil, 
the lode is not at hand; but if it lies deep, massy, and angular, it is a certain sign that the 
lode is not far off ; more especially if the shodes are of a pyramidal or conical form, and 
the base or heaviest part of them lies pointing one way, it is both a sign that the lode is 
not far off, and that it is to be found opposite to tlic base, or heaviest part of the stones* 

“ As they advance thus nearer the lode with their pits, they find tlicir shode more 
plentiful and deeper in the ground ; but if they chance to go further from tho lode, or 
pass tho yonder side of it, there is a greater scarcity of the shode, or, perhaps, none at 
all : in which case they return to their last pit which produced shodo most plentifully, 
and work the intermediate ground with more care and circumspection, by drifts from 
one pit to the next, until they cut the lode. Sometimes they find two different shodes in 
the same pit at different depths ; then they are sure that there is another lude further 
over ; and, in training up to the second, they may meet with the shodo of a third. How- 
ever, when they are just come to the vein they set out for, they find an uncommon 
quantity of shode stones answering to the description before given, and then they say 
that they have the hryU of the lode ; upon which they dig down into the solid hard 
rock, which has never moved or loosened, until tliey open the lode, and find its breadth 
by tho walls in which it is enclosed.”* 

Many lodes, however, yield no shode ; the upper part of the lode cither containing 
• See Mineralogia Cornubiensis, p. 127. 
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no ore, or the detritus having been carri(;d too far, and being ground into too small a 
state of division to be ro^^nisablc. In those cases there is little to guide the miner 
beyond the nature of the gossan, or other appearances at the back of the lode, butli of 
which are liable to deception. After all, it must happen in such cases that the 
discovery, if made, will be due to accident rather than to the iAtelligence of the 
discoverer. 

BSining Opemtions. — Having explained these preliminary processes, we may 
proceed now to the actual operations of mining : and since, in England, the county of 
Cornwall, and that part of Devonshire immediately adjacent, are the districts in which 
mining operations are conducted on the largest scale, and with rcfercnc j to the greatest 
variety of mechanical appliances, we may conveniently take them as the type of copper 
and tin mining. Lead mining and dressing, when on the largest scale, are conducted 
somewhat differently, and in other districts. They need but little separate description. 

The object here being chiefly to illustrate the condition of mining in a practical 
way, it will be best to do so in reference to the miner's duties, and the different cir- 
cumstanced which more or less affect his lot and fortunes. We may premise that the 
term “ miner" exclusively applies to those actually working in the mines —the capi- 
talists, or those employing the minor, being known as the adventurers. Each mine is 
owned by a company of adventurers — the capital being divided into shares, which are 
marketable and transferable, like those of a railway company, and in Cornwall being 
subject to special laws, and a method of limited partnership called the cost-book system. 

Lord’s Dues. — ^To explain the process of mining, it is advisable to begin with the 
beginning ; in other words, to follow a mine from its first establishment, until it is in 
complete and active operation. When there is reason to believe that a lode worth 
trying exists in a place not hitherto worked, a set of adventurers form themselves into 
a company for the purpose of working it. In doing so, their first business is to apply 
to the lord of the soil for a license to work the lode for a given time — sometimes for six 
months, but generally a year — upon trial ; the lord to receive a specified proportion ; 
usually from one-tenth to one-fifteenth of the ore which may be raised during the period 
of the license. The lord also comes under an obligation, should the adventurers, at the ex- 
piration of the license, be disposed to continue the working of the mine, to lease it to them 
for a certain number of years, generally upon the same te^ms as those of the license, so 
far as his share of the proceeds is concerned. Should the project prove a failure, it may 
])e abandoned at any time before the expiration of the license. This mode of paying the 
lord his dues is objected to by many, on the ground tliat it frequently operates hamldy 
upon the adventurers. They urge, that however much the mine may be losing, the 
lord is always sure of a profit. Thus, if £15,000 worth of ore is raised and disposed 
of, it may cost the adventurers £15,000 to raise it. If, in that case, they paid the 
lord his fifteenth, the company would lose £1,000 instead of making a profit. But 
this would bo equally the case were the lord, instead of his share of the pro- 
ceeds of the mine, to receive a fixed money rent from tlio adventurers. Thus, 
if the fixed rent was £2,000, and the produce worth £15,000, as in the case supposed, 
the loss to the adventurers would be £2,000, instead of £1,000. It is quite true, that by 
the present arrangement, the lord is always sure of a profit, becauro he runs no risk ; 
but that profit, like the profit of the adventurers, fiuctuates with the price of copper, and 
when tl^e price is low, the present system of i;ent-paying bears upon them more lightly 
than any other arrangement would do. 

The course hero mentioned is that which is pursued when it is in contemplation 
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to open lip an entirely now mine. But it frequently happens that a new mine is 
opened within bounds already set out to a company ^adventurers, and M'ithin 
which they arc already working a mine. In such case no new license is, of course, 
required. AVhen a new mine is thus opened, the way is generally led by a party 
of miners, who undertake to try on the “ tribute system,” which will be imme- 
diately explained, cither what they believe to be a fresh lode, or a portion of the 
lode already worked, but whicdi the existing operations arc not likely to reach. In 
the latter case, the result, if the experiment prove successful, is generally the sinking of 
some new shafts, which arc soon connected with the existing works, whereby the §cope 
of tho existing mine is only enlarged. But whether an cntii-ely now mine is to bo 
opened, or the range of an existing mine is only to be enlarged, the operations commence 
by the sinking of shafts, and the construction of levels ; these must bo done ere the mine 
is in workable condition ; and this brings us at once in contact with tho actual work of 
the miner. 

The miners are divided into two great classes — ^the surface and the underground 
men. The latter arc by far the most muucrous, being fully three to one, as compared 
with the former. The underground men are again divided into two separate classes, 
known, in mining phraseology, as the “ tutmon,” and tributers.” 

Tut-work-— Tho tutmenare those mIio do “tut” M-ork, which is neither more 
nor less than simple excavation. In eommencing a mine, therefore, the tutmen are 
the first called into requisition. They sink the shaft and iiin the levels— all the ore 
which may chance to be raised during the process belonging exclusively to the adven- 
turers, always with tlic exception of the lord’s dues. The work is given out by th(j 
fathom ; it is regularly bid for, and the parties oftering to do it for the lowest price 
.secure the work. It generally happens, however, that one of the captains of the mine 
ascertains beforehand, as far as can be, the nature of the work, and sets his own price 
upon it— the price at which it is taken seldom varying much from the captain’s price. 
Both tut and tribute work are usually taken by what is called a “ party;” tho party, 
in both cases,' consisting of several individuals, their number varying according to cii- 
eumstanccs. The party is divided into gangs, wdiich relieve each other in rotation. 
There arc three gangs to a tut pai'ty, each gang working eight hours at a time— the 
whole twenty-four hours bejpg thus turned to account. The gangs employed in tut 
work arc strictly required to relieve each other at tho proper time. As their work is 
chiefly preliminary to the real business of mining, it is, of course, the object of those 
who employ them to have it done as speedily as possible. Nor arc Abo interests of the 
tutmen themselves interfered with by this— for, as their work is piece-work, the sooner 
they get through it the better. A greater degree of discretion is generally given to tlio 
tributers, as to how long they may work, and when they may relieve each other— it 
being supposed that .they have sufficient inducement to diligence in the share which 
they have in the ijrocecds of their own operations. At the poorer mines, tutwork is 
generally confined to ground which is not metallic— tribute work having reference 
invariably to metallic ground. At times, however, tutwork embraces ground which is 
metallic, but this is always in the richer mines. When tho ore is known to be good, 
it is raised at so much per fathom, in which case it all belongs to the adventurers. It 
is generally work of a more speculative kind that is set on the tribute system ; and it 
is because in tho poorer mines all tho work is of this kind, that the whole of tho 
ore is raised on that system. But even when it is raised on the other system— that 
is to say, by tutwork— it is not unusual to give the men employed a small interest 
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in the ore produced. This is done in order to make it their interest not to >yaste or 
spoil the ore. ♦ 

The work of the tutman is, as already said, that of simple excavation, at so much 
per fathom. Ho bids for it with a real or presumed knowledge of the nature of the 
ground to be worked — ^tho same knowledge being possessed, or presumed to be pos- 
sessed, by the captain assigning him the work. Miscalculations in this respect are not 
unfrcqucntly made, which arc, in their results, sometimes in favour of, and at others 
against, the tutman. Although their work has not so much tlie character of a gambling 
transaction about it as has that of the tiibuters, still it is not c#ircly fi'co from that 
objection. He may bid for work, and it may be assigned to him, on the supposition 
that the ground is hard and difficult to bo operated upon — or the same may be done on 
the contrary supposition. In the one case it may be found, after a little trial, much 
easier, and in the other much more difficult, to work than was anticipated. Hence, by 
the chance of his work, he may be a gainer to some extent, or a severe sufferer. Thus, 
after taking work which appears easy, at a comparatively low price per fathom, he 
may, after penetrating for some distance through disintegrated granite, which is easily 
itomovcd, or soft clay, come to a hard mass of granite, which opposes a serious obstacle 
to his progress. This the tutman calls a pebble,** and it is a serious question with 
the party on discovering it,* whether they will change their course to avoid it, if pos- 
sible, or dash right through it, in the hope that it does not extend to any great depth. 
There is risk in cither case, as the time lost, and the expense incurred, in attempting to 
turn or avoid it, may be much greater than was anticipated. Nor is it always that it 
can be avoided at any cost. Then, again, if they attempt to go through it, their hopes 
may be disappointed, as its depth may bo veiy groat. Sometimes, after going through 
it for some distance, they give it up in despair, and attempt to turn it, which they 
find, to their mortification, after having lost so much labour, that they can rarely do. 
When the work goes thus against the tutman, ho very soon complains, and if his com- 
plaint is well grounded, a favourable modification is generally effected in the arrange- 
ment between him and his employers. 

The undertaking of the tutman is to bring to the surface so much matter, whether 
ore or “stuff,” or both together, at so much per fathom. To fulfil it, ho requires the 
use of machinery to raise the matter excavated to the surface. That which he thus 
employs is, of course, the machinery on the spot, adapted for the puriioso and apper- 
taining to the mine. For this he is usually charged at a certain rate per fathom, 
which is so much to be deducted from his earnings. There arc other deductions also 
to be made *, but as these arc common to both tributers and tutmen, their explanation 
will be deferred for the present. The first work with which the tutman grapples is, of 
course, the sinking of the shaft. The object is, if possible, to have the shaft peipcndicular. 
Such a shaft is not only the most convenient, but it is also attended with the least expense 
in the future working of the mine. But much, in this respect, depends upon what is 
called the “ underlie ” of the lode. * It is very seldom that tlic lode is perpendicular ; 
its inclination being, as it proceeds downwards, generally to the north. If the underlie 
is not gi'cat, the shaft may, to a considerable distance, follow the lode. If it is great, 
the shaft descends, not in one continuous lino, but, as it were, by a succession of steps. 
It will bo sunk perpendicularly by several fathoms at a time, the lode all the time 
diverging from it to the northward. At certain distances halts are made, and hori- 
zontal courses run in the direction of tho lode until it is again struck. Each time the 
lode is struck the shaft is sunk again, the lode to be reached again by a horizontal 
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course as before. As the shaft is being sunk, tho levels ore being constructed. It is 
necessary that the reader should coiuprehcnd what these aid, as on his doing so will 
greatly depend his comprehension of the operations which follow. To enable him the 
more readily to understand the internal arrangements of the mine, let us suppose both 
the lode and the shaft to be perpendicular. 

Ihrilta and Winzes. — The lode, be it remembered, is neither more nor loss than 
a crevice or fissure in the granite, or in the slate, or at the junction of the two, varying 
in width, and general!}’’ ruiming from cast to west. This crevice is usually filled with 
disintegrated granitic clay, or other soft matter, interspersed with which is the metal. 
Were the lode perpendicular, the shaft, in following it downwards, would be perpen- 
dicular also. Tiie shaft is usually in the form of a parallelogram, about five or six feet 
wide, and about double that in length. The sides ai*o almost invariably secured with 
woodwork, so as to prevent them fuMing in. Down the middle, and dividing tho 
parallelogram, as it were, into two squares, runs a strong u'ooden partition, which, in 
reality, makes two shafts of it. One is for the inisiiig of the ore and rubbish ; the 
other is that by which the miners have access to and egress from the mine. ' The levels 
arc parallel courses which diverge on either side from the shaft, and JuUow horizontally 
the course of the lode. These courses arc at dilicrcut distances from each other ; but, 
generally speaking, they are not more than ten fathoms apart. Thus, after the shaft 
is sunk a certain distance, the first level will be run — in otlier woids, a horizontal 
passage will be cut from either side of the shaft, following tho direction of the lode. 
The height of this passage is usually from five to six feet. It is also commonly threo 
feet wide, so as to give room for tho operations to be conducted within it. This is its 
width, however narrow the lode may be ; nor is it frequently made any wider, unless 
the lode is sufficiently rich to warrant its being made so. There is no limit to tho 
length of the passage or tunnel, but such as may be set to it by the 8U])erficial bounds of 
the mine. The shaft is then sunk, say for ten fathoms more, when similar levels arc 
constructed, directly uuder those alluded to. This operation may be repeated so long 
as the mine continues sufficiently wealthy to induce the adventurers to keep sinking 
the shaft and constructing new levels. Some mines have attained a depth of three 
hundred fathoms, so that they have about thirty different sets of levels, all ranging one 
beneath the other. When a^icw level is wanted, the shaft is first sunk to the proper 
depth, w'hen the level is opened up. The rationale of a mine, under these circum- 
stances, would be neither mure nor less than a perpendicular hole sunk in the lode, 
with a scries of horizontal holes projecting into it, at regular distances from each 
other, from either side of, or at right angles to, the perpendicular one. It is obvious 
that, when the lode is not perpendicular, which is usually the case, and the shaft, 
instead of being continuous, descends, as it were, by steps, tho levels, instead of being 
directly under each -other, will be below, but a little to the side of each other — ^the 
distance to which they will be to the side of each other depending upon tho inclination 
or underlie of the lode. Thus, if the lode underlie^ to the northward, each successive 
level will be more to the northward than those above it, and less so than tliose below. 
Generally speaking, instead of tho shaft following the levels, and so being broken into 
different sections, it is sunk perpendicularly, being accessible to the different levels by 
means of horizontal curves connecting them together. 

When the mine is extensive it is usual to sink several shafts. Thus, at tho Cam 
Brea Mine, which has a superficial extent of a mile and a half in length, and about 
three quarters of a mile in width, there arc ftom twenty to tliirty shafts. Other mines 
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havo even more than this. These shafts arc often situated along the line of the lode, 
and arc constructed to fiscilitato the operations of the mine, which W'ould be much 
impeded were there but one outlet, when the levels have been pitched far back. When 
several shafts are thus situated, the levels extending from one will run into those 
extending from another, so that the different levels will thus have the advantage of 
more than one outlet. Several shafts arc sometimes sunk when the mine is very deep, 
and the underlie considerable, not in the direction of the lode, but in that of the 
underlie, so as to perforate the body of the lode at different points. These arc mainly 
intended to facilitate operations in the lower levels, Mdiich would, otherwise be too far 
removed from the outlets of the mine. When the mine is deep, and the shafts arc far 
apart, the levels are here and there connected wuih each other by what arc called 
** winzes." A winze is a cutting extending from one level to another, and w^hen per- 
pendicular, which is not always the case, is just like the section of a shaft extending 
between level and level. This has the double object of facilitating the communication 
between tlic different levels, and of improving the ventilation of the mine. Some- 
times, dcSi)ite the presence of numerous winzes, the circiilation of air is so imperfect 
in a mine, that boys arc emxdoyed below in working machines which increase the 
current. 

Adit Level.~The description of the internal economy of a mine would be incom- 
plete without an allusion to what is knowii as the adit level. This is constructed in 
mines which arc situated on the side of a declivity, and its chief 'object is to prevent the 
necessity of having to raise the water pumped from the mine to the very top of the 
sliaft. The adit level may be the first, second, or third level of a mine, counting from 
the top, the depth at which it is run depending partly upon the depth of the valley 
upon which it opens, and partly upon the nature of the portion of the mine above it, 
as to whether it is wet or dry. Thus, if a mine is situated on the side of a valley, and 
the shaft is sunk about one himdrcd feet above Iho lowest level of the valley near the 
mine, the adit level may be run out into the valley, about ninety or a himdrcd feet 
down. Through this tho water will escape, and the expense of raising it to the top 
will be saved. The adit level is also useful as an auxiliary to ventilation. 

These observations apply equally to copper, lead, and tin mines ; and everything 
here described is necessary to be done before the mine is in working order. And all 
this is exclusively .the work of the tutmen. It does nof necessarily follow that ore has 
been raised during the operations, although considerable quantities arc sometimes 
brought to the surface in sinking tho shafts and running tho levels. It is not until 
these arc completed that the real w^ork of mining begins. The levels are then taken 
possession of by those whose business it is to produce the ore. "When the lode is very 
rich, the tutmen, os already explained, are engaged to ■work it at so much per fathom. 
But the production of the ore is generally the work of the tribute man, who is, after all, 
tho real miner. 

Setting Pitches.— From tho explanation hero given, it will have occurred to the 
reader, that between every two levels on either side of the shaft a deep belt of the lode 
intervenes. Thus, between the surface and the first level there is such a belt, as also 
between the first and second levels, &c. That between the first level and the surface 
is seldom worked to any great extent, but tho others are worked according to their rich- 
ness and quality. These intervening belts are, in the language of the miners, .called 
** pitches and it is by tho pitch that the work is set. 

Each mine has its own regular setting days; and Iho process of setting is as 
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follows : — At the proper time oad place the trihuters and the captains of the mine meet 
together. It should here he mentioned that the captains are invaiiahlj men who have 
risen from the rank of miners. It is their duty to set and superintend the work — to do 
both of which properly they must frequently descend into the mine. There are three 
or more of them, according to the extent of the mine, and one or more of them ore 
invariably below. The setting is a species of auction — the captains being the auctioneers, 
the miners the bidders, and the pitches tlie subject-matter of the transaction. Since the 
previous setting-day more pitches may have been opened, either by the further sinking 
of the ^afts, and the construction of additional levels, or by the extension of the levels 
already existing. It frequently hai^pcns, too, that pit(.*hes already partially worked, but 
abandoned, may bo otfered. In such cases they may be taken by different parties, or by 
the same parties at a higher rate. Both miners and captains are supposed to have a 
knowledge of the quality of tlie pitches, and it is upon this knowledge that they proceed 
to business. The pitches are put up, one after another, not to the highest, but to tlie 
lowest bidder. There arc maps of each mine; and the pitches, levels, shafts, and 
winzes arc all as well known to the parties concerned as arc their streets to tlfb denizens 
of a town. Pitch so-and-so is put up, and the bidding commences. The offer, on the 
part of the captains, is to set the lode to the party that will work it for the smallest 
share of the proceeds. This explains the position of the tributer, and the character of 
his work. He docs not work for fixed wages, or for so much per fathom, but becomes, 
quoad the portion of the mine which he engages to work, a partner, as it were, in its 
profits and losses. The shan^, in consideration of which he will work a pitch, depends 
upon his belief as to the quality of the lode at that particular point. Thus, he will offer 
to work a rich pitch for five shillings in the pound ; that is to say, for five shillings out 
of every pound’s worth of ore ivhich lie may raise to the surface. This is called 
his tribute. To work a poor pitch, however, which yields but little ore to a great deal 
of labour, he may ask as high as thirteen shillings in the pound. Sometimes he will 
work at a lower rate than five shillings ; but when the ore is so rich as to tempt him 
to go much lower than that, the adventurers generally give it out on tut by the fathom, 
retaining all the produce to themselves. Between four shillings and thirteen shillings 
in the pound is the range at which the tribute man generally works. It is seldom that 
there is any indiscriminate bidding, or any great scramble at the settings. ^Icn who 
have obtained a footing in the mine have generally the preference over strangers. The 
captain has generally his price for each pitch ; and if it is a new setting for the same 
pitch, he usually offers it to the party who have already worked it. If they take it, the 
matter so far is at an end ; if not, it is then put up, and the lowest bidders, before a 
stone which is thrown up falls to the ground, receive the work. 

The pitches arc set for two months at a time — an arrangement advantageous to all 
parties ; for if the trihuters find a pitch poorer than they anticipated, they arc not 
obliged to, work it for a greater length of time, —whereas, if it turns out much richer 
than was expected, the adventurers will be enabled, at the end of that period, to secure 
their fair share of the produce. The tiibuters have this further advantage, that should 
they find the pitch vciy poor, they may throw it up at the end of a month, although 
they have taken it for two ; and, in such a case, it may be reset to them at a higher rate. 

It has been already intimated that, in setting the pitclics and giving out tutwork, a 
preference is usually given to those who have been established in the mine, provided 
they arc disposed to take the work at or near the captain’s price. This preference has 
given rise to the practice of taking farthing pitches,” as they are sometimes called ; 
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that is to say, taking a pitch at the low and merely nominal tribute of a farthing in the 
pound. Tho object of doing so is simply to get established in the mine. At the next 
setting those parties will be on the same footing as those who preceded them in the 
mine. But advantageous as this appears to be to the adventurers, it is not in reality 
so. Beyond getting established in tho mine, the men have no inducement to work — 
their tribute being merely nominal. Tho consequence is, that they waste their time, 
doing little or no work whilst below, to the obvious detnment of the adventurers. 
This is now so clearly seen, that in most mines the system of farthing pitches has been 
discontinued; tho adventurers having been all the more inclined to depart from it, 
from tho umbrage which it frequently gave to those who had been long in their 
employment. 

When a pitch is set, it is marked down in the books of the mine as sot to such and 
such a party. Their names or marks arc all subscribed to tho notification. Tho party 
varies in number, according to the nature of the pitch, and the quantity of labour which 
will have to be expended upon it. Sometimes the party docs not exceed four ; at other 
times it edhsists of sii or eight ; and occasionally extends to twelve. 

Dressing the Ore.*— The share of the tributer is determined as to its amount by 
the value of the ore when ready for market. He has, therefore, not only to extract it 
from the lode, but also to ^cparc it for market. This is done on tho surface by those 
whom he employs for the pmpoac. At every mine there is a large number of surface 
workers ; amongst whom may be seen some men, but the majority of whom are women 
and boys. They constitute from one-fifth to one-fourth of the whole number employed 
in and about the mine. These surface workers aro almost aU in the pay of the tributers 
or underground men. It is their business to take the ore as it comes from the shaft-^ 
to have it stamped, cleaned, and washed, and prepared for the smelters. The larger 
masses are broken with hammers, generally by women, until the whole pile is in pieces 
about the size of a large egg. If the ore is very rich, it is then ciuried to the rollers, 
between which it is crushed. It is then ready for market. This applies only to the 
copper ore, which is considered good if it has from ten to fifteen per cent, of metal in 
it. The preparation of the tin ore is very different. It often comes to the surface with 
no more than six per cent, of metal in it ; but before it is ready for market, and in a 
state fit to be received by the smelters, it has to be worked up ” until it contains 
seventy-five per cent, of metal — ^in other words, the great bulk of the dross must be got 
rid of. The ore is first taken to the stamps. These have been already described.* As 
the crushed ore passes from the stamper it is carried by the water to beds, which slightly 
decline towards one end. The best part of the ore sinks immediately at the upper end 
of these beds, the dross not sinking until it reaches the lower end. This dross, still 
containing some metal, is again washed, by being divided into other beds similarly 
situated, and the process is resumed until little but dross remains. In this way the tin 
ore is worked up to tho requisite quality of seventy-five per cent. 'When tho copper 
ore is not very rich, it also is put under stamps, and undergoes the process of washing. 
There aro other operations, such as “jigging,” &c., all having in view the preparation 
of tho ore for market. It is when sold, after it has been so prepared, that the tribtitcr's 
earnings aro determined ; in ascertaining tho net amount of which he has, of course, to 
deduct tho wages of those employed by him on the surface for tho preparation of the 
ore. Ilor is this tho only deduction which has to be made, as will be presently seen. 
The tin ore is not thus prepared at his cost — being generally bought of him at the top 

* Sec page 257. 
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of the shaft — ^the adventurers working it up to the requisite point. Before considering 
the miner’s wages, it will he as well to sec him at work. 

Vndevground Work.— Mines arc not all equally wet ; but no one can expect to 
penetrate very far into a mine and emerge dry from it. We have, therefore, to go to 
tho ** shifting-room,” and attire ourselves in a miner's garb. It consists of a suit of 
thick flannel, with a stout coat over it, heavy shot's for the feet, and a hat generally 
made strong enough to “bear a good knock.” We must also provide ourselves each 
with a candle. The candle is stuck into a piece of clay, which again is stuck upon tho 
hat, which is of the “ wide-awake ” shape. Thus equipped, M*e descend the ladders. 
As wc approach the shaft, we perceive a steam rising from it. This, wc are informed, 
is the breath of tlie men at work below. Tho very mine itself seems to breathe. There' 
are, at least, six hundred men at work beneath our feet, at vaiioiis depths, some one 
hundred, some five hundred, and others sixteen hundred feet. 'J'he Inddfir is very 
narrow, with iron bars, and is well nigh perpendicular. Tho bars are moist and greasy, 
from the men passing up and down, which makes us cling all the more firmly, con- 
sidering the unknown depth of the shaft, and the almost pcipt'ndfcular ])Osition ot our 
means of descent. Wc bid adieu to daylight almost by the time we haVe reached tho 
first level. There is no one at work in it, so wc descend to the second. We pass it, 
and several others, until at length wc reach the seventh levOl. Wo are then about four 
hundred feet under ground — a sufficient depth to bury St. Paul’s. We take the level 
to oui* right, and pursue it until we reach the men at their work. There is a tramroad 
along the level for “ running the stuff” to the shaft, so that it can be raised to tho 
surface. In some of tho smaller mines this is done by boys with whoclbaiTows, which 
with the exc(!ption of working the ventilating machines, is the only puri)osc to which 
hoys are put below. Wc proceed about one hundred feet in a horizontal course, when 
we come upon the miners. When they take a pitch, they generally work it i/p, not 
^0,17, —that is to say, the men working from the seventh level Avork up towards the 
sixth, not down towards the eighth. Their object is to follow the lode, and extract tho 
ore from it, disturbing as little of the noii-metallic ground as possible. AMien the lode 
is wide enough, they work nothing but the lode, leaving the matter on cither side 
untouched. A miner w'ill thus work in a lode only eighteen inches Avide ; but if it is 
narrower than that, he has to clear away sonic of the “ country ’’—which is, removing 
a sufficient quantity of the granite, slate, stone, or other substance Avhich may ciiA'olop 
the lode, to enable him to follow it. Those upon whom w’c have come arc engaged at 
this work. They are preparing to clear away the granite by blasting it. Tho hole for 
the powder is made with a “ borer,” held by one whilst the other strikes it Avith a large 
sledge-hammer. The latter is in a state of profuse perspiration, wliiLst the other is 
sliivering with cold. They are both completely Avet— as, indeed, avo are ourselves. 
The man with the ha'mmcr has nothing on but his flannel trousers. The beatings of 
his heart, which arc quick and strong, strike painfully upon the car. lie seems to he 
galloping through life — and so he is ; for tho miner is gcmcrally hut a short liver. We 
leave this part of the level, and take that on the other side of the shaft, Avhich wo follow 
for a considerable distance, until we come to a hole, through which we have to crawl 
on all fours. We then find ourselves at the bottom of a Avinze, wbicli we pass, and 
pursue the level. The men have worked up for a considerable distance, making Btagc.s 
for themselves as they rise into the lode. The ore is carefully separated from the stufi', 
and is carried over the tramway to the shaft. Such is the merest outline of the work 
which thr. mine exhibits. Space will not permit us to go into details here. We return 
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again to the surface. But to climb a series of perpendicular ladders, reaching as high 
as St. Paul’s, is no joke. We take about half an hour to do it, resting at the diiferent 
leyels as wc ascend. Wo arrive at the top utterly exhausted, and thankful that we 
have emerged again into daylight.* 

Such is the position, and such are the circumstances of the miners when at work. 
They generally relieve each other every eight hours, each gang working eight hours 
out of the twenty four. Their tools are chiefly the sledge, the borer, and the pick, 
with the last of which they remove the dislodged granite, and other stud’, which dues not 
require blasting. At one of the mines near iledruth the tributers have done work in 
the three hundred fathom level — that is to say, one thousand eight hundred feet below 
the surface. Their engagement is to be on the ladders by six in the morning, and 
emerge from the mine about dve in the afternoon. Nearly two hours are spent in 
descending and ascending the ladders. With the exception of the Sundays, the life of 
these poor fellows is one perpetual night. The temperature is often so high in the 
level that the men all work naked, ascending, every hour or so, to several fathoms 
above them, to dip themselves in some pools, which ore compaiativcly cool. But 
the tributers look with as great contempt upon the tutmen, os the tutmen do upon the 
surface labourers. Indeed, a tributer will be on the point of starvation before he will 
take tut-w'ork. Some mftics employ upwards of a thousand people ; others much less. 
The Garadon, and other mines which some years ago sprang up in the neighbourhood 
of Liskeard, afford subsistence to about ten thousand people, including the miners and 
their families. 

llllineirs’ Wagea.—The wages, or earnings, are paid once a month ; but, to keep 
the miners and their families going, a portion is paid on account once a fortnight. 
This is called their “ subsist,” or, more commonly, “ stist.” This is objected to by 
some, as tending to make men laz}'. Where the farthing-x)iteh system is in vogue, it 
works very badly. In such case the men arc not entitled to anything till the end of 
the fimt Iavo months ; and they do not get their subsist until a fortnight before the day 
on which they arc entitled to tlicir coinings. The consequence is, that they work for 
six weeks without receiving anything. They are thus diiven, by their circumstances, 
to go into debt with the retail dealers for the necessaries of life. Once in debt, it is 
very difficult for them to get out of it, and reckless hab^s frequently supervene. 

Drainage.— In this account of mining little notice is taken of the very important 
operation of draining the mine, which is not to be managed, as in coal mining, by a 
system of tubbing, because the working of mineral veins is a very different matter ffom 
that of removing a coal seam. In early operations, the means of removing water were 
confined to buckets ; and in Cornish mines, the first improvement in drainage was by 
the pump called the ** rag and chain,” so named from a quantity of rags or skins, at 
intervals, bound up to the size of the pump, on a chain or rope, revolving round a 
cylinder, worked by hand or water-wheel at the surface, which, passing through the 
pump, forced the water up before it. The next improvement was the common bucket 
or lifting pump. As long as the notion prevailed that the principle that water could 
not bo raised more than thirty-three feet was applicable to a pump whose bottom w'as 
in the water, each lift of 'pumps was confined to thirty feet; so that in a mine sixty 
fathoms deep, it would require twelve lifts of pumps, the lower ones supplying the upper 
by mogns of cisterns attached to each lift.i This method w'as called “ shammeling,” 

* This account of mining operations was publisbed some years ago in the “ Mining Jonmal,” 
and is sufUcicntly graphic and accurate, in respect to Cornwall, to justify re-publication. 
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and the pumping gear tlic shammcl engine." It was long considered the ne plus uUra 
of perfection, notwithstanding it was found verj'^ troublesome and inconvenient, by 
Ming the shaft with pumps and pump rods. This was the cause of much complication 
and consequent weakness, and it could only be applied where the quantity to be pumped 
was moderate, and did not require any rapidity of motion in the pump gcai*. This 
defect was severely felt in constant breakages and great friction in working so many 
buekets. These ^sadvantages suggested the lengthening of the lift of pumps, and 
drawing the water to the surface by the power of the water-wheel, in addition to the 
pressure of the atmosphere. It was soon found that water could be raised thirty 
fathoms with as much facility as thirty feet, with less wear and tear. 

Tlie next and last improvement in drainage was the “plunger" or force pump, by 
which the weight of the pump-rods and the piston, working in a cylinder at the bottom 
of the mine, was ajiplied to force the water uj) through a column of pumps to any height 
required. It has been found inconvenient to attempt any greater length of lifts than 
thirty fathoms, or one hundred and eighty feet. The miners are rather fanciful in 
naming the lifts of pumps ; the upper one, which discharges the M'atcr at the surface, 
is called the “ t 5 'e the others, in the order of succession, are the “ rose,” the 
“ crown,” the “ hly,” the “ violet," and so on, the lowest being tlic “ poppy." These 
improvements required, from the increase of the pressure of <\ atcr, that the strength of 
the pumps should bo increased ; the wood pumps were replaced by iron, and, where 
the corrosive nature of the water* required it, brass pumps, or iron pumps lined with 
brass, were used. 

Within the last half centuiy, there was not a mine in Cornwall one hundred fathoms 
deep. The Consolidated Mines, at Gwennap, at that time consisted of sinull mines filled 
with water. The steam-engine, and an outlay of some £60,000 or £70,000, has 
enabled the workings to be continued to a depth of upwards of three hundred fathoms, 
or eighteen hundred feet, under the hill, the perpendicular shaft being nearly fifteen 
hundrcd feet deep. The weight of the pump-rods, which have to be lifted every time 
the pump-buckets require gearing, is little short of one hundred and fifty tons. 

liifting.— With the increased facilities of drainage, corresponding imx)rovemcnts 
were required for raising the produce of the mines to the siu'face ; the bucket raised hy 
manual labour was succeeded J)y the kibble drauTi uj) by the wdnch — a rope or tacklo 
wound round a wood cylinder by an iron handle ; then came the “ whim,” worked by 
horses, which has continued in use, with various improvements, up to the present time ; 
it is, however, superseded in large mines by drawing machines, worked either by 
steam or horse-power. 

The “ whim” is said to have been the invention of a working miner, who, being in 
a studious mood, was asked by his comrade what vras the matter, and replied he had a 
whim in his head, and his invention w'as so called accordingly. 

Blasting.^On the introduction of gunpowder for blasting the rocks, the miner 
was subject to continual danger from premature explosions. The hole in the rock, 
when bored sufficiently deep, had the powder placed in the bottom ; an iron rod, or 
needle, was then inserted, and the hole filled up with sand or clay, rammed in quite 
tight ; the needle was then withdrawn, and a rush inserted. This, when ignited, 
burned gradually down to the powder, allowing sufficient time for tho miner to rcadi 
a place of safety. The iron needle at times, when struck with tlio mallet, would give 
a spark of fire which ignited the powder, and serious accidents were caused thereby. 
About thirty years since a copper needle was substituted ; but such was the force of 
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liabit, and the iron being cheaper than the copper, that it vas only by inflicting 
fines on the men that the use of iron was discontinued. The copper needle was 
superseded, about seventeen years* since, by the invention of the safety fuse— being a 
small hemp cylinder, well saturated with tar, and filled with powder , this is now in 
general use. 

ncketing Days.— The “ ticketing,** or weekly sales of ore, form a curious feature 
in mining. The copper ore, on being raised from the mines and dressed, is put into heaps 
of several tons, and is well mixed ; and a sampler, on an appointed day, fixes on a third 
or fourth of the dole. The parcel is divided into six doles, two of which are cut in half, 
and a slice token off th(! sides by a shovel. After subdividing and mixing this, a suffi- 
cient quantity is put into a bag by each sampler ; and this is taken as the sample of the 
whole. These arc carried to the different assay ofiices, where the ore is piilverisscd, and 
an ounce (troy) assayed in a crucible, with proper fluxes ; and a bead, or prill of copper, 
is found among the scoria. If an ounco of ore yield one pennyweight of coi)per, the 
produce of that ore will be one in twenty, or five per cent., and so on. The “ standard’* 
of copper ts the term given by the smelter to denote tlic price of a ton of metal in the ore, 
from wliich standard he deducts a certain price for every ton of ore, or as many as may 
be required, according to its produce, to give a ton of coi)per, which sum is considered 
by the smelter as an equivalent for the returning charge, or expense of reducing the ore 
to a merchantable state. The returning charge is a fixed one, being tlio same for poor 
ores as for rich ones ; but, inasmuch as it costs the smelter more to convert a ton of rich 
ore than a ton of poor, tlic standard varies ^ith the produce, so as to equalize the matter 
— Whence poor ores fctcdi a high stiuidard, and rich ores obtain only a low one, 
because, in the former case, the returning charge more than covers the cost, and in 
the latter is not supposed to equal it. 

A fortnight’s intcr^^al takes place between the assay and the ticketing, during 
which time the agents receive answers from their principals as to the price to be 
offered. Before dinner, tickets, containing offers from the different copper com- 
panies, founded on these assays, arc produced, and the highest is the purchaser. 

Lead Oze Dzeseing, — The processes adopted in preparing lead ores for the 
market are not greatly different from thoso above described, and the mining iwinci- 
plcs involved arc of course the same; although, owii^ to the fact that the veins 
aro chiefly in hard limestone and gritstone instead of shale and granite, there is a 
certain amount of modification in details. We may conclude this account with a 
notice of tho preparation of lead in the groat mines of Allenhcads, in Northumber- 
land, under the management of Mr. T. Sopwith.* The lead raised in these mines 

♦ In a thickness of about two thousand feet of the alternating beds of sandstone, clay, ond lime- 
stone, which form tho strata of the mining districts of Allendale, Alston, and Wcardale, there is one 
single stratum of limestone called the “ great limestone,*' the veins in which have produced nearly, 
if not quite, as much ore as all the other strata put together. Its thickness— which is tolerably 
uniform over several hundred square miles of country— is about sixty feet. In a great thickness of 
strata above the great limestone, only two beds of that rock arc found. One of these is called “ Uttle 
limestone it is from ten to twelve feet thick, and is seventy-five feet above the t.ip of great lime- 
stone. The other is still more inconsiderable, being only three or four feet thick, and is four 
hundred and forty feet above the great limestone. Beneath the great limestone are several beds of 
the some description of rock, viz., at distances respectively of thirty, one hundred and six, one 
hnndreit and ninety, two hundred and fifty, and two hundred and eighty-seven feet ; and the thick- 
ness two, twenty-four, ten, fifteen, and thirty-five feet. These are known by descriptive local names, 
and comprise all that are of significance as regards lead-mining operations. 
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amounts to about opc-fourth part of the whole quantity raised in England, and 
one-tenth that of the whole of Europe. 

The produce of the mineral veins varies from pure galena to masses of rock in spar, 
in which the ore is so thinly disseminated as not to repay the trouble of extraction ; 
and the process of preparing and dressing, after the extraction of the ore from its place 
in the mine, consists of the pure ‘samples of ore being picked out, washed and sized, 
ready for being smelted at once, without further operations — and also of the i>oorer 
samples being washed and separated by an iron grate or sieve into two sizes, the larger 
having to be ground between rollers to reduce it to the same size as the smaller, which 
had passed the grate. When reduced to this stage, the whole is ready for an operas 
tion called “ hotching.” This consists in placing the ore in a tub with water— the 
bottom of which tub is a sieve — and subjecting the whole to a rapid vibratory vertical 
movement, or shaking, by which a separation of the ore takes place. The water so far 
lessens the weight as greatly to facilitate the downward movement of the ore, which of 
course is much heavier than the spar and other materials connected with it. The 
vibratoiy movement is sometimes given by manual labour : a long arm, moving with a 
spring, is jerked up and down by a strong lad jumping on a raised stand, so as to pro- 
duce the required motion. The same results may be obtained by machinery. The 
ore being thus prepared and acted on, the uppermost part is entirely waste or refuse, 
and that at the bottom of the tub consists of ore ready for smelting. That which 
passes through the sieve requires clearing from foreign substances and dressing, in a 
contrivance called a bitddle^ which is not unlike the botching tub above described. 

In all operations where a stream of running water is employed to wasli lead ores, 
it is obvious that many of the smaller particles will bo carried away with the stream. 
These particles are allowed to settle by their specific gravity in what arc called slime- 
pits, being merely reservoirs in which the water passes over a long space with a very 
tranquil movement. 

It is not intended here to describe in detail the methods of dressing and preparing 
the ore for each different metal, or to mention the peculiarities appertaining to the ores 
themselves. These are matters belonging to the practice of metallurgy, and would 
involve an extension of tlio present work beyond its proper limits. They may, however, 
be found elsewhere described, J>y those who require this kind of technical information. * 

Pzactical Uses of Geology.— In concluding this part of our subject — a depart- 
ment of science worthy of every attention, and not to be mastered without much care- 
ful study — ^wc may with propriety refer once more to the advantage of geological 
pursuits generally, hut more especially in this matter of mining, and other practical 
applications already described. 

It occurs, as a matter of fact concerning the distribution of mineral substances in 
the earth, that materials of whatever value are rarely so distinctly presented, or so 
readily available, that we can be sure of finding them at once and without search. 
Those vast quarries of building stone, slate, and marble — those mines of coal and iron, 
which astonish us by the infinite complication and the extent of their workings, are 
rarely indicated at the surface by anything more definite than some general peculiarity 

The ARenheads mines being situated for the most part at depths from the surface varying from 
two hundred to six hundred feet, are drained partly by ordinary water-wheels, and partly by new 
hydraulic engines invented by Mr. W. G. Armstrong. 

* An account of stamps, crushers, and Jigging machines has already been given in our account 
of gold washing and crushi^. See page 257. 
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by no means always important. Somotimcs^ indeed, the discovery of such hidden 
treasures has been the work of accident ; but although accident may lay them bare, it 
cannot render them useful. A multitude of examples might with great ease be cited, 
in which substances of great value have lain unnoticed and despised for years, until 
some one has appeared who had knowledge as well as observation. Then the value 
appears, and the world is astonished that no one made the useful discovery before. In 
fact, however, the cause of the non-discovery was very simple, as it generally is, and 
had its foundation in igmrartce. In all cases in nature, but especially in such as those 
we have been considering, an acquaintance with nature— with her laws, her operations, 
and her history— is directly useful ; and it is and must be so to every man, whatever 
his business is. Varied as the operations and appearances in nature may be, they are 
all conclusions derived from the action of a very few great and universal laws. There 
is nothing tnily arbitrary, and combinations of similar causes always produce similar 
ciTccts. But if this is the cose — and the more we study nature, the more truly we find 
it to be so — ^how much docs it not add to the dignity, as well as the usefulness of 
science— for science is nothing more than this knowledge of nature and a familiarity with 
the operations of nature’s laws. Every one who observes nature honestly and care- 
fully — who makes himself acquainted with what othcis, working in the same field, 
have done — W'ho thinks and reflects on what he secs — and who endeavours to draw 
conclusions without giving his prejudices undue weight — cannot fail to derive from 
this habit of availing himself of opportunities, some great advantages w'hich will place 
him in a better position than his less informed neighbour or competitors. In this way, 
aU science is immediately and practically available ; but of all departments, few, per- 
haps, arc more directly so than geology. As there are none either amongst the agri- 
culturists or manufacturers who can dispense with the materials existing around them, 
and only modified by them; as all deal with the earth’s surface, or with seme of the 
substances obtained from beneath it; so we may be assmred that all will be benefited by 
some knowledge or other of its nature and history. It is not only the miner and the 
quarryman to whom a knowledge of geology is useful ; it is equally necessary to the 
engineer and the architect, and perlmps still more so to the farmer ; while, in not a 
few cases, the political economist and the legislator find it necessary to caU in the 
assistance of him who, in studying the earth’s structup;, learns the nature of those 
laws which have governed its formation, and can foresee consequences which must 
result from the neglect of obedience to them. In this way it is that practical geology, 
which a few' years ago was hardly known, except as forming part of the knowledge of 
some few engineers and miners, is now not only recognised, but has become of the most 
vital importance. The practical geologist is now caUod in to assist the engineer, the 
agriculturist and the miner, to give an opinion as to the value of property, and to 
decide points on which the health, wealth, and futuro prospects of lai'gc populations 
depend. 

But although geology is now a profession requiring early study and long experience, 
it is by no means necessary to devote a lifetime to tlieoretical pursuits in order to observe 
facta and obtain useful results ; and wo may safely say that there is not une intelligent, 
thinking man, having the ordinary means of obtaining and dispensing infoimation, who is 
not in a position to directly advance the interests of science by his own c/Torts, and avail 
himself of the moss of scientific lore that has been accumulated by his fellow men. 
But tfis must bo properly understood. It is not, on the one hand, the man who believes 
and is astonished at everything put before him ; nor is on the other, he who 
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bef^ns by doubting everything except the whims of his own fancy and imagination ; 
nor is it he who begins with X)rcjudicc3, and will not listen to any one who throws 
doubt on his preconceived notions, — who can bo in this way useful, or can be 
benefited by the advance of science. All these are men who retard progress, and 
remain to the end of their lives as ignorant as they started. On the contrary, he ^ho 
begins by doubting and questioning his own first impressions, his preconceived notions, 
and his natural prejudices, and who is contented to learn and labour, and ponder on 
what he learns and sees ; he who advances from fact to fact, knitting them all together 
into one firm and compact web ; who lets nothing escape his observation, and admits 
nothing into his storehouse which he does not know to be genuine,— it is such a one 
who is really a valuable man in science. Such men, like Davy in chemistry, like 'Watt in 
mechanics, and like a host of other brilliant examples of the nobility of nature,— such men 
rise from time to time from the ranks in which we all commence our work— they rise from 
the only natural level— that of utter ignorance — ^to a higher and higher position in 
science and in society — ^they first attain their level among the multitude who are 
advancing and rising around them, and they stand forth at last amongst the highest, 
the best, and the most useful of their race — examples of what honesty, truth, and 
energy can do when combined with high intellect and genius. hTone rise to these 
heights without truth and energy, for they arc as necessary us genius itself; and by the 
advances thus made science continually progresses. Ly taking his share in the 
observation and reflection, as well as the work, each person may in his turn and in his 
place become a contributor to that vast mass of knowledge M’hieli is being treasured up 
on every side. Numbers arc at work upon this. Day after day the treasure is larger, 
and the value greater. Some work with their hands, others aiTange and compare ; 
some arc in the house, and others in the field; some occupy one post, and some 
another ; some arc pioneers, some form the main body ; some arc always in the van ; 
many lag behind, and would willingly atibid still ; but the progress is ever onwards — 
the result never attained ; there is always abundant work to do, and tlierc is reward 
for work done. Every investigation that has the discovery of truth for its object is 
good and useful ; and every one who works for his race as w'ell as himself is a better 
subject, a better citizen, and a better man, than he who sits by doing nothing, or 
endeavouring to persuade hii^self that he can find nothing suited for him to do. 

1). T. ANSThl) 




CHYSTALLOGRAPHY AND MINERALOGY. 


tlliiYSTALLOGBAPnY, whilc it is of great yalue to the chemist and natural philosopher in 
their researches, is so important a branch of Mineralogy, that it is impossible to make 
any x)rogrcss in that science without some knowledge of its principles. Wo therefore 
intend to make our Treatise on Crystallography serve as an introduction to Mineralogy. 
The hardness, specific gravity, chemical composition, and ^ ther properties of minerals, 
as well as the localities in which they arc found, and their scientific arrangement, will 
follow the Treatise on Crystallography. 

Gxystallogxnpliy.— In the mineral kingdom a great variety of solid bodies are 
met with^ bounded by plane smooth surfaces. These bodies ore called ciystals, and it 
is the province of the science of Crystallography to investigate their mathematical 
properties, to classify and arrange .them. The surfaces of crystals are not always 
plane ; they are sometimes curved ; hut these curved surfaces arc comparatively rare. 
Crystals are not confined to the mineral kingdom ; they occur very frequently among 
the products of the chemical laboratory. Almost all the salts, and a great many other 
substances, under favourable circumstances, assume the form of crystals. 

Some crystals are very simple in their forms, and present solids remarkable for 
their symmetry ; while o^ers arc exceedingly complex, being bounded by more than a 
hundred different surfaces. 

Wo are ignorant, as yet, of the manner in wliich the majority of crystals belonging 
to the miner^ kingdom are formed. Very few can be reproduced by the chemist ; and 
those which can, are generally smaller than the natural ones, and present few of their 

inorganic nature.— No. X. ^ . 
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modificatioiis. Crystals of (juartz occur of an iniincnsc size in nature, some single 
crystals weigliing many pounds. Tt is doubtful if any crystals of this substance have 
been obtained artificially. Crystals of carbonate of lime occur in nature of almost 
every size, and in almost numberless varieties of form ; while the artificial ciystals ai'C 
almost microscopical in character. The diamond, whi(‘h is carbon in a crystallized 
state, has never boon produced by art ; but some very minute crystab a few of the 
other gems have been formed by the chemists. 

Though wo are ignorant of the means by which the groat majority of crystals have 
been formed in the great laboratory of nature, we can crystallize an immense variety of 
substances. Nothing can be more interesting, and at the same time more instructive 
to the student of crystallog^raphy, than to watch tho process of crystallization for 
himself and observe gradual growth of crystals. ^ 

Artificial Orystala. — Crystals may he obtained by various mGthodiii.;,<?d[o3t of 
the salts, as wdl as some other substances which are soluble in water, dopoSit orystals 
as their solutions are gradually evaporated. Bismuth, and most other metals, assume 
the crystalline form as they pass from the fiiiid to the solid state after Being melted. 
Some bodies become crystallized by the process of sublimation. Crystals are formed hy 
the clcctro-galvanic decomposition of some solutions ; thus, tin crystallizes hy the 
reduction of a solution of its protochloride by a galvanic (furrent. Crystals of sulphur 
may be obtained in three ways, — ^by sublimation, by tho evaporation of its solution in 
bisulphide of carbon, and hy cooling from a state of fusion. 

Cv3r8tal8, Crystalline, and Amorphous Substances.— All solid substances 
which do not owe their stnictiirc to tho vital forces of the animal or vegetable kingdom 
arc crystals, oiy’^stalline, or amorphous. Crystals have been already dcscrilx'd. A 
crystalline body consists of a confused aggregation of minute or imperfect crystals; and 
an amorphous body is one in which, as its name implies, no fonn or stnioturc can bo 
observed. Sugar-cand}' consists of crystals of sugar ; loaf-sugar is crystalline, and 
barloy-sugar is amorphous. We meet with crystals of carbonate of lime in calcareous 
spar and arragonitc ; marble isA crystalline, and chalk an amorphous form of the same 
substance. 

Faces, Edges, Angles, and Axes of Crystals. — The jdano surfaces by 
which a crystal is bounded afc called its faces. An edge is the line formed by the union 


i 

, 
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of two faces. The 
solid angle of a Vl 

crystal is pro- 
duced by the 
union of more 
than two faces, i 
and may bethreo- 
iaced, four-faced, • 
six-faced, &c. The 
plane angles arc 
the angles on a 
face, bounded by Fig. 2.-Thc Octahedron. 




Fig. 1.— The Cube. face, bounded by Fig. 2.— The Octahedron, 

tho intersection of its boundary edges. Axes arc imaginary lines, drawn through 
a crystal for the convenience of calculation, or for tho purpose of describing its geo- 
metrical properties. Gr 3 rBta]line forms are the simplest mathematical solids in whidi 
crystals occur, or to which tiieir^aces are parallel. 
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If as mucli common salt be thrown into boiling water as it will dissolve, beautiful 
cubes will be scon to form rapidly on its surface as it cools, as well as on the 
sides of the vessel in which it is contained. The same thing'will occur more slowly, if 
a saturated solution of salt in cold water be allowed to evaporate Bi)ontancoualy. A 
warm solution of alum will deposit octahedral crystals on strings suspended in it, 
as well os on the sides of the vessel containing it as it cools. The surfaces of the cube 
arc all squares, those of the octahedron equilateral triangles ; the cube is bounded by 
six squares, the octahedron by eight triangles. 

Compound Crystalline Forms. — If an octahedral 
crystal of alum be left suspended, at the ordinary tem- 
perature of the atmosphere, for a day or two, in the solu- 
tion of alum in which it was formed, though the crystal 
will inolbaBe in size, its form will generally be altered. The 
six solid angles, formed by the junction of four of the equi- 
lateral faces, will bo found replaced by flat square surfaces; 
so that the crystal will present the appearance represented in 
Fig. 3, where the eight faces, bounded by six edges, and marked O^, Oo, &c., Og, will be 
parallel to those of the octahedron fii*st formed by the so- 
lution. 

If the six square 
faces, marked Pi, Pol 
&c., r, 5 , be produced 
till they intersect one 
another, these inter- 
sections will give the 
outline of a cube, wMc 
the faces 0^, Oo, &c., 

Og, being similarly produced, will complete the 
figure of an octahedron, as shown by Fig. 4. 

Such a crystal as this is called a combina- 
tion of the forms of the cube and octabedron. 

The faces which, being produced, form a cube, arc 
called the cubical faces ; and those which form 
the octahedron, octahedral faces. 

Far more eompUeated forms arc foimd in nature. 

Px P, 





f 




Fig. 4. 



Fig. 5 represents a cube of fluor 
Pi 



Fig. 71 

Twentj-four-faeed Trapezohedron. 
Spar, every edge of which is modified or replaced by a 


• Fig. 6. 
Rhombio Dodecahedron. 


Fig. B. 

Threc-lbccd Octahedron. 

!, inclined to the sur- 
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face of the cube ; and every solid angle of the cube is replaced by twelve planes. 
The crystal has therefore one hundred and fourteen faces. 

The six faces, P2, P3, &c., Pe, arc parallel to the 
faces of the cube (Fig. 1). 

The faces, ^2, rj, &c., ;*i2, which replace the edges 
of the cube, are parallel to a twelve-faced figiuc, called 
the IlJiombic Dodecahedron (Fig. 6). 

The twenty-four faces ffj, &c., which modify.’ 

each solid angle of the cube, arc parallel to the sui-faccs of 
the twcnty-fuur-faced trapezohedron, bounded by twenty- 
four similar and equal four-sided faces, called deltoids^ or 

trapezia, m (Fig. 7 ). »— Si«-feeed Octahedron. 

The twenty-four faces, Aj, ^3, ^:c., arc parallel to the surfaces of the twenty-four- 
faced figure cjilled the tlu’oe-faccd octahedron, each of whose faces is a similar and 
equal isosceles triangle (Fig. 8). 

And the forty-eight faces, <*1, <*2, ^*3, ^4, ^3, &c., arc parallel totlie surfaces of a forty- 

eight-faced figure, called the six- faced octahedron, each of whose faces arc scalene 
triangles, similar and equal to each other (Fig. 9 ). 

Modifications of Fovms, — Crystals of simple forms, such as the octahedron, 
arc sometimes formed with as much accuracy as the geometrical solid ; but at other 
times the faces arc so modified as to render it difficult, at first sight, to recognise 
the form to which they belong. The three accompanying figures (Figs. 10 , 11, and 
12) represent modifications of the octahedron frequently observed among the cr}'stals 




of alum. On examination, it will be found that the faces Oj, 02, See,, O3, are each parallel 
to a face of an octahedron ; and that the inclination of any one face, such as on 
any of the adjacent faces, such as 04, or 05, is an angle of 109 ** 28 ', as it is in the regu- 
lar octahedron. 

Fomui of Czystals independent of the size of theix Faces and Edges. 

—From what has been stated, with regard to the octahedron, it appears that the 
geometrical form, to which the faces of a natural crystal are referred, is independent of 
^e size of the face, or even the form of its outline. Thus, the faces of an octahedron 
are all equilateral triangles, while some of the faces in tho three preceding figures are 
bounded by four edges, as e, and 05 (^g- 10), O4 and 05 (Fig. 11), and some by six, as 
(Fig. 12). A regular octahedron, or cube, may bo of any sisc, fri)m one requiring a 
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microscopo to perceive it, to ono whose edges arc several inches in length. The faces 
of a compound crystal arc always referred to the simplest symmetrical solid to wliich 
they arc parallel. This parallelism is determined by the measurement of the inclination 
of one face to another. This inclination is determined by instruments called gonio- 
meters, which will be described hereafter. 

Cleawage.— Some minerals arc found to split, or cleave, with greater ease and 
readiness in some directions than others. In some cases, as in calcareous spar and 
fluor spar, this cleavage takes place with great facility, and displays very smooth sur- 
faces. The cleavage is generally parallel to some crystalline form ; that of calcareous 
spar being parallel to the six faces of a figure called the rhombohedron, and that of 
iiuor spar parallel to the eight faces of the octahedron. 

If a cube of fluor spar, Aj, Aj, &c., Ag, have diagonals, Ai A3, A^ A^, joining the 
opposite angles of its square faces, scratched 
upon them. It will be found that a knife 
being applied, with its edge on one of the dia- 
gpnals Ai A3, hnd the blade of the knifo in the 
same plane with the triangle A| A3 Ag, a smart 
blow from a hammer, on the back of the knife, 
will detach the solid pyramid Aj A., Ag A4, 
from the cube. In a similar manner, the pyra- 
mids A| A3 Ag Agi A| Ag Ag Ag, and Ag Ag 
Ag A7, may be removed, leaving a regular 
tctrahcdi'on, A^, Ag, Ag, Ag, as the nucleus of the 
cube. 

By removing the four pyramids whose 
vertices are, Ag, A„ Ag, and Ag, another tetrahedron in the position Ag A4 A7 Ag, 
might have been obtained. 

Nature thus affords a demonstration of the 1st proposition of the 15 th Book of 
Euclid — “ How to imerihe a regular Tetrahedron in a CuhdfH 

By removing tlie eight solid j)yramids, whose vertices are respectively A^', Ag, &c., 

Ag, and replacing the removed fragments, we 
should see, within O'lr transparent cube of fluir 
spar, a regular octahedron P, Pg &c., Pg, in- 
closed within the cube, and regularly inscribed 
in it, as the octahedron is inscribed in a cube 
by the 3 rd Prop, of the 16 th Book of Euclid. 

Systems of Crystals.--Wc have seen 
that one substance, such as fluor spar, presents 
on its crystals faces parallel to several different 
mathematical symmetrical solid forms. All 
these forms can be shown to have certain ma- 
thematical relations to the cube or the regular 
octahedron. Other substances, whoso crystals 
occur in the form of the cube or ootahodron, or have faces parallel to these forms, 
present us with crystals cither in the form, or with faces parallel to tlic same mathc- 
mathical sdids. 

These solids, thus associated in nature, and possessing certain mathematical properties 
in common, are classed together in ono system, called the cubical or octahedral system. 



Aj A a 




i. - 

w 






/ 




'' 1 



Fig. 13. 


294 


SYSTEMS OF CRYSTALS. 


Other substances occur in forms similar to, or with, their faces parallel to, other 
luathcmatical solids, differing in tlieir mathematical properties from those of the cubical 
system. These forms are classed together under other systems. 

It may bo observed, that faces parallel to the fonus of one system are not foimd on 
the same crj'stal combined with feces parallel to the faces of forms belonging to a 
different system of crystallization. . Thus, faces parallel to the eight faces of the regular 
octahedron are found on crystals, associated only with faces parallel to the forms of the 
cubical system, and not to forms belonging to the other systems. 

Some one form may bo taken as the tj-pe or primitive form, from which all 
others of the same system may be easily derived. This typical or primitive form 
is ipiito arbitraiy ; and it may bo cither a prism, an octahedron, or some other simxdc 
form. 

1st system. — ^Thc cubical, or ('octahedral ; according as wo consider the regular cube 
or regular octahedron its typical or primitive foiiu. 

2nd system. — Square, prismatic, or pyramidtil. Typical form, a prism on a square 
base, or octahedron on a square base. 

3rd system. — Hhombohcdral, or hexagonal^ Typical fonii, tlic rliomboid or the hexa- 
gonal prism. 

4th system. — Prismatic, or rhombic. Typical form, a right prism on a rhombic 
base, or octahedron on a rhombic base. 

5th system. — Oblique. T}q)ical form, an oblique prism on a rhombic base, or 
oblique pjTamid on a rhombic base. 

6th system. — ^Anorthic, or doubly oblique. Tj-pical form, a doubly oblique prism or 
octahedron. 


riRST SY.STEM. — THU CUJUCAL. 

This system i.s called the cuhical or iesaeral {tessera, a cube), if its foi'ui.s arc r('- 
garded as derived from the cube ; the octahedral, if its forms arc derived from the regular 
octahedron. It is also called the regular or is&ineirical, from the properties of its axes. 

The axes of tins system will bo described under the Cure. 

The holohcdral forms of this syslcni, or those forms which i)osscss tlio higlxcst 
degree of symmetry, aic the cube, octahedron, rhombic, dodecahedron, three-faced 
octahedron, Uventg-four-faced trapezohedron, four-faced cube, and the six-faced octa- 
hedron. 

From each of these, with the exception of the cube and rhombic dodecaliodroii, 
other forms arc produced by the development of half their faces; these are colled herni- 
hedral. 

The hcmihedral form of the octahedron is the tetrahedron \ that of the thrcc-faccd 
octahedron, the twelve-faced-trapezohedron ; thalofthc twcnty-four-faced trapezohedron, 
the ihree-faced-ieirahedron ; and that of the four-faced cube the peniagcmal dodecahe- 
dron. The six-faced octahedron has two hcmihedral forms ; the six-faced tetrahedron 
and a tweniy-four-faced trapezohedron having two sides of its trapezoidal face parallel. 
Of these, two— the pentagonal dodecahedron oqd the hemihedral iwenty-four-faced tra- 
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pezohedron’-hsi.yo their faces parallel to one another, in pairs, and are called h&aihe- 
dralform with parallel faces. 

The other hcmihedral forms arc called hemihedral forms with inclined faces. 

The Cube. — ^Tho cube or hexahedron (six-faced), is a solid hounded by six sq^uare 
faces; it has eight solid four-faced angles, A| Ag, &c., A, (Fig. 15), and twelve edges, 
Aj A 4 , &c. Every face is inclined to its adjacent faces at an angle of 90”. 


Axes of the Cube and the Cnhical System. 

Cubical Axes.^H diagonals be drawn through the opposite angles of the faces 




of the cube, they will intersect one another in the centre of each face. Let Pg, P 3 , 
Pii P 51 P« (Fig* 16), be these six centres. 

Join P, Pe, Pg P 4 , and Pg Pj. 

These three Hnes will intersect one another in the point C. They arc called the 
rcytilar or rectangular axes of the cubical system. 

Reckoning from C, which is the centre of the cube, each of the six lines, CPi CPo, 
&c., CPfi, arc equal to each other, and^thoy arc each perpendicular to a face of the cube 

at the point P, and the adjacent ones are inclined 
to each other at an angle of 90”. 

Octahedral Axes. — If lines be drawn from 
one solid angle of the cube to the solid angle 
opposite to it, we shall then have four lines, A| 
Ay, Ao Ag, Aj As, and A 4 Ag (Fig. 17), intersecting 
one another at the same point, C, as the cubical 
axes. These lines are all equal, and inclined to 
one another at an angle of 70” H?/. 

^ The eight lines CA^ CAg, &c., CAg, arc each 
perpendicular to a face of the octahedron mdexibed 
in thq cube. They are therefore called the oeta^ 

Fig. 17. ^ ^ ^ 

unit, CAj CA,, &c., will each bo equal to 1 / 3 . 
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MJiombie Axes — Let Bj B.., &c., B,,, be the centimes of each of tho twcli o edges 

of the cube. Join Bj B„, B^, &c. These sis 

lines will intersect one another in C, tho centre of 
the cube. Each of the lines CBi CB*, &c., CB,2, 
arc equal to one another, and pci7)endicular to 
a foec of tho rhombic dodecahedron inscribed 
in tlio cube. They arc caUed the rhomhie 
— \ / I and the adjacent ones are inclined to each 

other at an angle of 60'*. Talcing CPj, the 
cubical axis as = 1, CBp CBj, &c., each zz: v/2. 
Kozmal8.~A line drawn through a given 

- point perpendicular to the face of a crystalline 

form, is called a normal to tliat face from the 
given point. Thus tho cubical axes are nor- 
mals to the faces of the cube from the i)oint C, and the octahedral and rliombic axes 
are normals to the faces of the octahcdi*on and rhombic dodecahedron from tho shmc point. 

To draic a Cuhe^ — Tho perspective used in drawing crystals is called isomc- 
trical. In this, tho lines which in the oi*dinaiy system of perspective are drawn 
converging to a point, are di-awn parallel to one another. Tt is the most convenient 
method for representing geometrical solids. 

Describe a square, Aj Aj Ag A^ (as at Figs. 2 and 1-3), of any convenient size. 
Draw the line Aj Aj, at an angle of about 30^ to the line A^. Then, through 
A4 Aj and Ag draw A4 A.j, A, Ag, and Ag A- parallel to A, A^. Make Aj A.^, Ai A;., A5 Au» 
and Ag A7 each half the length of one of the sides of the square A^ Ag A* Ag. 

Join Aa Aj, A, A„ Aj Ag, A^ A-, and the retwesentation is completed. 

Crystallographical Symbol for the Cube. — The relations of tho faces of the cube 
to its rectanyular or cubical axes, affords a ready means for adopting a symbol which 
shall express some of its properties. It "will be readily seen that every face cuts 
one of the cubical axes, and is parallel to the directions of the other two. ^ A line, or 
plane, which is parallel to another line or plane, is said, in matlicmaticol language, to 
cut it at an infinite distance, and as is the symbol for infinity, regarding CP, the 
perpendicular distance of the ciibc from its centre as the unit, the symbol 1, oo^ ao sig- 
nifies that every face of the cube cuts one of the axes at distance 1 fi’om its centre, and 
the other two axes at an infinite distance. Kaumann’s symbol for the cube is oo 0 00 , 
Miller's, 100, and Brooke and Levy's modification of Haiiy, P. 

Generally in Naumann's symbols the figures represent the distances at which tho 
faces of the form cut the rectangular axes, the figure 1 being always understood. In 
MillcFs they signify the parts of some arbitrary unit, at which the faces cut the axes. 
In Brooke and Levy’s, &"* indicates that every plane is parallel to an edge of the cube, 
m being the ratio which the two edges cut by the plane bear to one another ; a”' and 
b^b^V represent that the planes arc parallel to one cutting off a solid angle of the cube 
the figures in, A, k, and /, indicating the ratios of the cut edges of tho solid angle. 

Net for the Cube , — ^One of the simplest, most useful, and at the same most 
inexpensive means of modelling the forms of crystals, is to draw their faces on paste- 
board, and arrange them in such a manner that some of tho edges being cut partially, 
and others quite throu£^ the pasteboard, the whole may readily fold up Into tho required 
form. The loose edges being glued together, a firm model will be formed in a few 
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minutes. A drawing of the faces of a solid, arranged so that the model may ho folded 
up from a single piece of pasteboard, is called a net. 

To make a net for the cube, describe a square ~ 

equal to a face of the required model, and aiTangc six 
such squares in the manner represented in Fig. 19. 

If a knife be drawn so as to cut the pasteboard 

half through along the light lines, and quite — — 

through along the dark ones, the figure w'Hl readily 
fold into the form of the cube. 

In this and tlie other nets which will be de- 
scribed, it is very conyenient to draw' one face on 
tracing paper. The other faces may then be 
readily pricked ofT from this one on the pasteboard, 

in the required form, with greater ease, and even 

more accurately than by describing each face 
gcometricaU 3 ^ It will also be found convenient 
to leave a margin to one edge w'lierc two edges are 
to be glued together. Glue is better than paste, 
as it dries more quickly, and does not, like paste 
or gum, warp the surfaces of the model. 19. 


Jf/werals whose crystals occur in the form of the cnhcy or present^ in their modifijcottons^ 

faces parallel to it : — 


Alabundinc Tsulphuret of man- 
Kanese). 

Altaitc (tclluridc of lead). 

Alum. 

Amalgam. 

Analcimc. 

Argentite (Hulphurct of silvci). 
Blende (Bulphurot of zinc. 
Boracite. 

Bornite (purple copper). 
Bromitc. 

ClauBthalite (selciiiurct of lend). 
Cobaltinc (bright white cobalt). 
Copper. 

Cubanc. 

Cuprite (red oxide of copper). 
Diamond. 

Embolite. 

Kiilytinc (bismuth blende). 
F.ahlcrz (gray copper). 

Fluor. 

Franklinitc. 


Gahnite (automalite). 

Galena (sulphuret of lead). 
Garnet. 

Gcredorfflte. 

Gold. 

Griinauitc (sulphuret of nickel 
and bismuth), 
nauerite. 
llauync. 

Iridium. 

Iron. 

Iscrine. 

Kerate (muriate of silver). 
Lcrbachite (sclcniurct of lea^ 
and mercury). 

Liimcitc (sulphuret of cobalt) . 
Magnetite (magnetic iron ore). 
Naumannite. 

Percylitc. 

Fericlasc. 

Ferowskite. 

Fetzite (telluridc of silver). 


Fharmaeosidcrito (arseniate of 
iron). 

Flatinum. 

Pyritc (sulphuret of iron). 
Pyrochlore. 

Kammelsbcrgito (white arseni- 
cal nickel). 

SafiloTitc (arsenical cobalt). 

Sal ammoniac. 

Salt. 

Silver. 

Skutteruditc. 

Smaltine (tin white cobalt). 
Sodalite. 

Stannine (sulphuret oftiu). 
Steinmannite. 

Sylvine. 

Tennantite. 

Ullmanito (sulphuret of nickel 
and antimony). 

Yoltaite. 


Minerals whose crystals cleave parallel to the faces of the cuhe^ — those printed in italics 
indicating that the cleavage is easy and perfect 


Aldbandine. 

Altoite. 

Analcine. 

Argentite. 

Chromite. 

Clansthalite. 

Cohdltitie. 

Cubane, 

EmAlite. 

Franklinite. 

Oahnite, 


Galena, 

Gersdorffite. 

Jlauerite, 

Iridium. 

Iron. 

Lerbachitc. 

Linndite. 

Magnetite, 

Maumannitc, 

Perielase, 

Ferowskite. 


Pyrite. 

Pyrochlore. 

Salt. 

Skutteruditc, 

Smaltine. 

Spinelle. 

Stannine. 

Steinmannite. 

Sulrine, 

Ullmanite, 
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The Octahedion — Call< the regular octahedron, to distinguish it from other 


octahedrons, whoso faces arc not eciuilateral triangles. 
This form is bounded by eight equal and similar faces^ 
each being an cquUatoral triangle. It has twelve eqmi 
edgesy Pi P.^, Pg P.„ &c., and six Jour-faced solid angles^ Pj 
P.j Pj P4 Pg, and Pfi. Each face is inclined to its adja- 
cent face at an angle of 109'* 28.' 

To draw the Octahedron — A cube being described as 
previously directed— 

The centre of each face Pj Po, &c., P^, may easily bo 
found by joining Aj, A., A4, &c. Join Pj P*, P^ P^, 
and P, P5, meeting in C. These arc the cubical axes of 


Pi 



Ps 

Fiff. 20. 


the cube. Join 1^ P,, P P^ P,, P3 P^, &c., as shown in Fig. 21, 

and an octahedron, Pi P3, &c., P,,, will be deli- 


neated inscribed in the cube ; or two equal lines, 
Pi Pfi, and Pj P4 may be drawn perpendicular 
to ono another, and intersecting each otlier in 
their centre C ; draw CP ., making an angle of 
SO'withCPj, produce CP^ to CP^, and make 
CPy, CP5, each half of CPo ; and join the points 
Pi P3, &c., as before. 

delations of the Octahedron to the different 
Axes of the Cube , — From the previous figure it 
is evident that the cubical axes join the opposite 
solid angles of the octahedron. 



Let Pj Po P5 (Fig. 22), be ono of the faces of 


Fig. 21. 


the octahedron. Bisect Pj P., Po and Pj l\ in Rj, R3 and Rj. 
and P. Rj. 

These lines will intersect in 0 and each of the lines R() w'ill 
be one-third of the line PR. 

Suppose every face of the octahedron similarly divided, as 
shomi in Fig. 23. 

If now the octahc'dral axes*Ai A 7, A.. A^, &c., be drawn, join- 
ing the ojiposite solid angles of the cube, as in Fig. 17, each octa- 



licdi-al axis will pass through the face of the octahedron inscribed 22. 


in the cube at the point 0 (Fig. 23), and will be 
p •iT)cndicular to it. The distance of 0, from the 
centre of the cube, wiU bo one-third of that of 
A ; so that the octahedral axes of the octalicdron 
M ill bo a third of the octolicdi'al axes of the cube 
in M'hich it is inscribed. 

The rhombic axes of the cube being drawn by 
joining the centres of its opposite edges, as in Fig. 
13, these axes will pass through the centre of each 
edge of the octahedron, as Rj R4 and R^ (Fig. 23). 
The distance of R, from the centre of the cube, will 
be one-half of that of B. Ilcncc the rhombic axes 



of the octahedron will be one-half of the rhombic axes of the cube in which it is inscribed. 
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Fig. 21. 


Each face of tho octahedron cuts the three cubical axes at an equal 
distance CP from the centre of the cube, and taking; CP as unity, 

111 will be the symbol which expresses this relation of the faces 
of the octahedron to tho cubical axes. Naumann's symbol for 
the octahedron is 0, Miller’s 111, and Brooke and Levy’s modifica- 
tion of Haiiy A' or a'. 

To describe a Net for the Octahedrm, — If a model of a cube 
bo formed by glueing the edges of six square pieces of glass, the 
different forms of tlic cubical system may be modelled of such a 
size as to be inscribed in the cube in the manner represented in their respective figures. 

Describe a square Pi Bi Pj C (Fig. 24), haying its side 
Pi Bi equal to half the edge of the cube in which the model 
of the octaliedron is to be inscribed. 

Draw the diagonals Pi Po, and Bi C ; on either of these 
diagonals, as a base, describe an equilateral triangle (Fig. 22), 
and arrSngc eight such equilateral triangles, as in Fig. 25. 

When this net is cut out along tlic dark lines, and par-^ 
tially along the lighter lines, it will fold up into an octahe- 
dron, whoso solid angles will just touch the centres of the 
faces of a cube the edge of which is twice the length of the lino 
PB. In this and the following forms, the face of the crystal 
is described of such a size that the model may be inscribed 
in a cube whoso edge is one inch in length. Tho faces on the 
not arc only made luilf the size. 



Fig. 25. 


Minerals whose crystals occur 


Alabandinc (suliiliiu'ct of man- 
ganese}. 

Alum. 

Amalgam. 

Argentite (sulpliurct of silver). 
Arqueritc. 

Arscnitc (oxide of arsenic). 
Blende (sulphurct of zinc). 
Boracittf. 

Bornitc (purple copper). 
Bromitc. 

Chromite (chromate of iron). 
Cobaltinc (bright white cobalt). 
Copper. 

Cuprite (red oxide of copper). 
Diamond. 

Kiscnnickclkics. 

Embolitc. 

Kulytinc (bismuth blende). 
Fahlerz (gray copper). 

Fluor. 

Fraiiklinite. 

Gahnite (.'lutomalitc). 

Galena (sulphurct of lead). 


in the form of the Octahedron^ 
faces parallel to it’.— 

Gersdorffltc. 

Gold. 

Griinnuite (suliihurct of nickel 
and bismuth), 
lluucritc. 
llauync. 
llclvin. 

Iridium. 

Irite. ' 

Iron. 

Iscrine. 

Keratc (muriate of silver) , 

Lead. 

Linii^ito (sulphurct of cobalt). 
l^Iagnclitc (magnetic iron ore). 
Mercury. 

Palladium. 

Fechuran (pitch blende). 
Percylite. 

Periclase. 

Perowskite. 

Pharmneosiderite (arseniate of 
iron). 


or whose modijications present 


Pyrite (sulphurct of iron). 
Pyrochlore. 

llammclsbcrgitc (white arseni- 
cal nickel). 

Khodizite. 

SafRoritc (arsenical cobalt). 

Sal ammoniac. 

Salt. 

Senarmontite. 

Silver. 

Skuttcrudite. 

Smaltine (tin white cobalt). 
Spindle. 

Stein mannite. 

Sylvinc, 

Tciinuiitite. 

Tritonite. 

Ullmaiiito (sulphurct of nickel 
and antimony). 

Uwarrowite. 

Yoltaite. 


Minerals whose crystals cleave parallel to the faces of the Octahedron 


Alum. 

Arsenite. 

fioracitc. 

Bomite. 

Chromite. 

Cuprite. 


Dianiond. 

Eisennickolkics, 

Fahlerz. 

Flnor 

Franklinite. 

Gahnite. 


Grunaulrc. 

Magnetite. 

Sd ammoniac. 
Senarmontite. 
Smaltine. 
Spindle. 
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Rhombic Dodecahedron. — ^Thc rhombic dodecahedron is a solid, hounded hy 
twelve equal and similar four-sided figures, called rhombs, 

A rJiomb is a figure such as 0, Pj O5 (Fig. 26), which 
has all its sides equal, the angle at Oj being equal to that^ 
at 0„ and that at Po to the angle at P5. This form is 
sometimes called the gramtoedrouj because it is a cha- 
racteristic form of the garnet. The rhombic dodecahe- 
dron has twenty-four equal edge^^ P, 0„ r. o„ &c., six 
four-faced solid angles^ Pi p« &c., Pg, and eight three^ 
faced solid angles^ 0^ O2) &c., Og. Each face is inclined to 
its adjacent faces at an angle of 160'’ ; the great angle of 
the rhombic face as P^ 0^ P3, is 109’ 28', and the smaller 
angle, as 0, P5 O3, is 70’ 32'. 

To draw the Rhombic Dodecahedron, — De- 
scribe a cube Aa A3 &c., Ag, (Fig. 27). 

Join Ai Ay, Aj Ag, &c., meeting in C. 

Find P| the centre of the face Aj Ao A3 A|. 

Join GPi and P, A^. 

Bisect A, Bg in E. Through E draw ED 
parallel to Pi A,, and cutting CA, in Oj. 

Through Oj draw Oj 0^ parallel to Aj A*, 
cutting CA2 in 0^, On O3 parallel to A., A3, and 
O3 Of parallel to A3 Af. 

Also, through 0^ draw Oj O 3 parallel to 
Aj Ag, cutting CAg in Og ; draw Og Og, Og Oy, 
and Oy Og parallel to Ag Ag, Ag Ay, and Ay Ag. Fl{,^ 27. 

0, 0^ &c. Og, will be the eight solid 

angles of a cube inserted in the cube Aj &c. Ag, w'ith the same centre, and having 
its edges half the length of the edges of Ai A^ &c. Ag. 

Pi P.^, &c., Pg (Fig. 28, which are not marked A ^ 

on Fig. 27, to avoid crowding the figure), wiU ^ " 

be the six points where the six |our-faccd solid 
angles of the rhombic dodecahedron, inscribed in 
the cube Aj A.,, &c., Ag, w’ill touch its faces. 

Oi Oo, &c., Og, the eight points where the 
octahedral axes of the cube pass through the 
eight thrcc-faccd solid angles of the inscribed 
rhombic dodecahedron. 

Joining the lines P, Oi, Oj Pj, Oj Pg, &c., ^ 

as shown in Fig. 29, the rhombic dodecahedron ^ ^ 

will be represented in perq>octiTe. Fig. 28. 

If the opposite angles of each face be joined^ 
such as Oi O3, P| P2, the rhombic axes of the cube -will be found to pass through the 
intersection of these lines, and will also be perpendicular to the face through which 
they pass. The cubical axes of the rhombic dodecahedron are equal to the cubical 
axes of the cube, and join the opposite four-faced solid angles. 

The octahedral axes of the rhombic dodecahedron are onc-half the octahedral axes 
of the cube, and join the opposite three-faced solid angles. 
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The rhombic axes arc half the rhombic axes of the cube ia which it is inscribed, 
and join the centres of the oi)posito faces. 

Symbols of the Rhombic Dodecahedron. — ^Each face of tiio rhombic dodecahedron cuts 
two of the cubical axes at cqtlllil distances from its centre, and the other at an infinite 
distance, or is parallel to it. Thus the face, 0^ P., ()., cuts the axis CPj in P^, and 
C 1 ‘, in Pm, and is parallel to the axis Cl^^. The symbol of the rliombic dodecahedron^ 
which represents this relation of all it faces to the rectangular axes, is 11 oo . Nau- 

niann’s symbol is ooO, Miller’s 110 , and Prooko and Levy’s modification of Ilaiiy, 

or //. 

To describe the net of a Rhombic Dodecahedron which may he inscribed in a given cube, 
— Describe a square, Pj B^ PjC, having its side equal 
to half the edge of the given cube. Join C, and 

Pj P, meeting in R^. Produce B^ Pj to Aj, and P^ C 

to B;,. !Makc P^ Aj, and CB^, equal to CBi, and CR 5 
equal to/?R^. 

Join CiVp Bisect A^ B 5 in E. Through E draw 
EOjD parallel to A^ Pj, cutting A^C in 0^. Join 

Pi Ai BjC represents the fourth part of the section 
of the cube, with its inscribed rhombic dodecahedron, through the lines Ai A, A, A 5 (Fig. 
28), and Pi Bj P^G, the fourth part of the section, through the lines joining the points 
Bi liaBii Bg (Fig. 18) of the cube. 

To describe the face of the Rhombic Dodecahedron. a line. Pi P^ (Fig. 30), 


<»i 



Fig. 30. 

is twice the length of Pi Bi, or P, C of Fig. 29. 

Twelve of these rhombs, arranged as in Fig. 31, 
will give the required net of the rhombic dodeca- 
hedron. 

Fig. 31. 


equal Pi P 2 of Fig. 29. On it describe an isosceles triangle. 


having its sides Pi Oi, P 2 0 , 
a similar triangle Pi, O 2 P 2 
on the other side of Pi P 2 . 
Then Pi O 2 P 2 0, is the 
face of the rhombic dodeca- 
hedron, which may bo in- 
scribed in a cube whose edge 


equal P, Oi of Fig. 29. Make 




Minerals whose crystals occur in the form of the rhombic dodecahedron^ or whose inodi^ 
feations present faces parallel to it : — 


Alabandinc (sulphate of magne- Somite (purple copper). 

Ria. Cuprite (red oxi^e of copper) . 

Alum. Diamond. 

Amalgtm. Dufrenoyiite. 

Argentite (sulphuret of siWer). Eulytine (bismuth blende). 
Hlcnde (sulphuret of zino. ) Fahlerz (gray copper). 

B )racite. Fluor. 


Franklinite. 

Galena (sulphuret of lead.) 
Garnet. 

Gold. 

Hauerite. 

nauTne. 

Isenne. 
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Ittncrite. 

Kernto (muriate of silver). 
Leucite. 

Magnetite (magnetic iron ore). 
Percy litc. 

Perowskite. 

Pharmacosiderite. 

Pyrito ( sulphur et of iron). 


Pyrochlorc. 

Samiuolsbergitc (white arsen- 
ical nickel). 

Ithodixitc. 

Sal ammoniac. * 

Salt. 

Silver. • 

Skutteriidile. 


Smiiltino (tin white cobalt). 
Sodalite; 

Spinellc. 

Stannine (sulphurct of tin). 
Tcnnantite. 

ITllmanitc (sulphurct of nickel 
and antimony.) 

Voltaite. 


Minerals whose crystals cleave parallel to the faces of the rhcmhic dodecahedron : — 


Alabandine. 

.\malgam. 

Argcntite. 

JSlmde. 

Eulytine. 


Garnet. 

ITnuifne, 

[ttneriie. 

Leucitc. 

Skutteruditc. 


Smaltine. 

Sodalite. 

Stannine. 

Tcnnantite, 



Tho cube, octahedron, and rhombic dodecahedron, arc the only forms parallel to 
which cleavages have been observed in crj’stals belonging to the cubical system. 

Three-Faced Octahedron. — This figure, called also the triakisoctahedrony and 
^ by llaidinger, gahnoidy as a characteristic fonn of gaUnn^ 

is a solid bounded by twenty-four isosceles triangles. 

Solid Angles . — Tt has six /^iglit -faced solid angles, 
Pi 1 \, kc.y Po ; and eight tliree-ficed solid angles, Oj 
Oo, kc.y Og. 

Hdges . — There arc twelve longer edges joining the 
eight-faced solid angles, Pr„ P.., PjP|, kc.y and twenty- 
foiu shorter edges joining each three-faced solid angle to 
throe of the eight-faeud solid anjj 0^ P-, Oj 1\., 

An infinite number of varieties of this solid might 
Fig, 32.* Qxist ; only seven different species liavc bf'en observed in 

tho mineral kingdou Tlio forms vai 7 from that of the oe.tahcdn)n to the rhombic 
dodecahedron. 

If a triangidar pyvamid, whose base is an c(iiiilatcral triangle, and each cf its faces 
an isosceles triangle, be applied lo each face of a regular octaliedron, the rc^sulting form 
would be a three-faced octahedron. For every variation in height of tliis trianguloi' 
pyramid as we may conceive it increasing in altitude, from the surface of the octahe- 
di’on till it arrived at such a height that two adjacent triangular faces, such as Pi Oj 
Pa, and P, O 4 P5, should lie in the same plane, when tho figui*c would become a rhom- 
bic dodec^edron, wc should have a distinct thrcc-faccd octahedron. Wlicn the thrcc- 
faced octahedron is inscribed in the cube, the eight-faced solid angles touch the centre 
of each face of the cube, and the tbrce-faccd solid angles always lie in its octalicdral 


axes. 

Symbols of the Three^faeed Octaheiron . — Every face of this solid cuts two of tho 
cubical axes passing through its centre, at a distance equal to that of its eight- 
faced solid an^c from the centre, and the third axis produced at a greater distance. 
If the shorter distance he represented by 1 , and the greater by «, where n may be any 
number or fraction greater than 1 ; lln will be the symbol for the three -faced octtdic- 
dron. 

Naiimann’s symbol is nO; Miller’s hhky h being greater than k\ and Brooke and 
Levy’s modification of Haiiy A" or 
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To draw tlic Three-faced Octahedron, — Let the figure be that whoso symbol is llw. 
Describe a cubo, Ai A3 A3 &c,, Aj, (Fig. 33 ). Let Pi bo the centre of the face 
Aj An A3 A4 ; B5 the centre of the edge 

Aj A5. Take B5 E equal the part 

of B5 Aj ; that is if 99 z= 2, as in the accom- 
panying figure (Fig. 33 ), take B., E = 'Jth 
of B5 Aj. Through E draw E D, parallel 
to Aj T\, cutting Ai C in Oj. Through Oj 
draw Oi O3 parallel to Ai A^, 0.^ O3 parallel 
to A.> Aj, &c., as in the preceding figure 27 . 

(>1 0., O3 &c., will be the cube whose 
centre coincides with that of Aj Aj, &c., Aj,, 

aud has^ita edge 0, 0^ =- part 

of the edge A^ A^, Oi Og, &c., (\ will be the 
points where the octahedral axes pass through the three-faced solid angles of the three- 
faced octahc(b*on inscribcebin the cube, j'oiningT, Oj, P^ 0|, 1*5 Oi, P, P2, &c., as in Fig. 

34 , the threc-faccd-octahcdron will bo drawn 
inscribed in the cube. 

Axes, — The eubioal axes of the tlirec- 
faced octahedron arc equal to those of the 
cube in which it is in^evibeJ, and they join 
the opposite eight* faced solid angles. 

The octahcdnil axes arc \ -- th part of 
2 n -t- 1 

the octahedral axes of the cube, and join the 
opposite thrcc-laccd solid angles ; and, as in 
the case of the octahedron, the rhombic fixes 
arc the half of the rhombic axes of the cube, 
and join the ^centres of the opposite longer 

As n varies from 1 when the tlircc-faccd octahedron coincides with the octahedron 
to 00 when it coincides with the rhombic dodecahedron, the octahedral axes vaiy from 
the ^rd to the J of the octahedral axes of the cube, or the distance of the point 0 from 
C vaiics from the ^^rd to the J of CAj. 

Inclination of the Faces of the Three faced Octahedron , — If B be the angle of inclina- 
tion of any two adjacent faces, measured across the longer edge PP, then cos. B = 




and if 0 bo the angle of two adjacent faces, measured across the shorter edge 

A, B 1, 

To describe a Net for the Three faeed Octahedron 
which may he inserited in a given cube, — ^Describe a 
square, P, B, P2 C (Fig. 35 ), haying its sides equal to 
half the edge of the given cube. Join Pi P2, and B| 

0 meeting in Rj. Produce B^ Pj to Ai, and Pg C to 
B5 ; make A^ P^ and B5 C both equal to Bi G. In 
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C B 5 make C R 5 e(iual to C Hi, join Aj C. Take CD equal to n CPi, 

2 n “J" 1 

and through D draw DE, parallel to AiPj, cutting A^G in Oj. Join PiOj, O 1 II 5 . 

Take Pj P 3 (Fig. 36), equal P^ P.^ of Fig. 35, and on it, as a base, describe an 
isosceles triangle, P, Oi P 2 having its sides Pj 0|, 0|, 

equal to Pi O, of Fig. 35. 

Pj 0 , Pj be the face of the three-faced octahedron, 
wliich may be inscribed in the given cube. And twenty- 
foiu* of these isosceles triangles, aiTangod as in Fig. 37, will 
form a net from which its model may be constructed. 

Forms of thrcc-faccd Octahedron . — ^Thc Ihrce. 
faced octahedron, Avhose symbol is 112 , 2 0 
of Xaumanu, 122 of MillcT, and of Brooke 
and Lc^’y, has its cubical axes equal ihoso of 
the cube in which it is inscribed, its octahcdi-al 
axes tlic ^th, and its rhombic axes half tlio&c 
of the cube. Inclination of faces over .«liortcr 
edge, 152’ 44', that of their normals 27"* 16' ; 
over the longer edge, 141’ 3', that of their nor- 
mals, 38’ 57'. 




Fiff. Sfi. 


27ie following minerals present faces parallel to this fomn : — 


Amalgam. 

Argcntitc. 

Blende. 

Cuprite. 

Diamond. 


Fluor. 
Franklinitc. 
Galena. 
Magnetite. 
Ferowskitc. . 


Pharmacosideritc 

Pyrite. 

Skuttcruditc. 

Spindle. 


The form 113, 3 0 of Xaumann, 133 of Miller, and of Brooke and Levy, has its 
octahedral axis equal ^ths of those of tho cube in which it is inscribed. Inclination of 
its faces over shorter edge, 142’ 8 ', that of their normals 37’ 52' ; over the longer edge 
153’ 28% that of their normals, 20 ’ 32'. Cuinite, Fluor, and Galena, are the only mine- 
rals which present faces of this form. 

The form llj, ^Oof Naumann, 233 of 3Iillcr, and a^ of Brooke and Levy, has its 
octahedral axes equal -gths of those of the cube in which it is inscribed. Inclination of 
faces over shorter edge, 162’ 40', that of their normals, 17’ 20' ; over the longer edge, 
129’ 31', that of their normals, 50’ 29'. 

Faces of this form occur in Fahlerz and Garnet. 

Tho form 114, 4 0 of Naumann, 144 of Miller, and a* of Brooke and Levy. Octa- 
hedral axes ^ths of those of the cube. Inclination of faces over shorter edge, 136^ 39 ' ; 
their normals, 43’ 21' ; over longer edge, 159’ 57', normals, 20’ 3'. 

I ; Faces of this form havo been observed in crystals of Galena and Kcratc. 

The form llj, jO of Naumann, 47? of Miller, and of Bi^ko and Lovy, has its 
octahedral axis equal -^th of those of the cube. Inclination of faces over shorter edge, 
157’ 5', normals, 22 ’ 55' ; over longer edge, 136’ 00 , normals, 44®. Faces of this form 
have been observed on crystals of Galena. 

The form 11 ^, of Naiimann, 455 of Miller, and of Brooke and Levy, has its 
octahedral axis -Y^ths of those of the cube. Inclination of faces over shorter edge, 170’ 1 ', 
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normals, 9^ o9' ; over the longer edge 121*' 00', normals, 59’’ 00'. This form ocem-s in 
Galena. 

The form 11||, of Naumann, 64, 65, 65 of Milldft and of Brooke and Levy, 

has its octahedral axes those of the cube. Inclination of faces over shorter edge, 

179® 17', normals, 0® 43' ; over longer edge, 110’ 18', normals, 69’ 42'. This throe- 
faced octahedron approximates very closely to the octahedron, and has only bct'ii 
observed on some crystals of Alum. 

The Twenty-four Faced Trapesohedron.— This form is called the twenty- 
four-faced irapezohedron, or deltohedron, because it has twenty-four facc^, each of the 
form of the figure called a deltoid or trapezium. It is known also by the names of the 
ieoiites^araJiedron ; and being a characteristic crystal of the mineral Icucite, it has been 
called Uuciioid, 

Faces. — This form is bounded by twfenty-four equal and similar deltoids, or tra2^c- 
ziums, such as the figure Pj E4 Oj Rj, which has the Pi 

sides P, equal Pj lt|, and II4 Oj = Ri the anglo 

P^ R4 0 = anglo 1*1 Rj Oj, but the angle R4 Pi Ri not 

equal to the angle R4 0, Pj. ^ 

Solid Angles . — It has six four-faced solid angles, f\ y 

Pi Pg, &e., Pfl, wdiich touch the centres of the faces of 
the cube in which it is inscribed, at the extremities of 
the eubical axes. 

Twelve four-faced solid angles Ri Rg, &c.. Rig, which 
always lie in the rhombic axes of the cube in which it 
is inscribed. Eight tlirec-faccd solid angles, ()i Oo, Fig. 38. 

&c., Og, whicih arc always the octahedral axes of the cube in which it is inscribed. 

Edges. — The edges are twenty-four longer, joining the four-faced solid angles, whii;h 
terminate the cubical and rhombic axes, such as Pi Ri, Pi Rg, I’l R.,, &c., and twenty- 
four shorter, joining the four-faced soUd angles which terminate the rhombic axes to the 
threc-faced solid angles which terminate the octahedral axes, as Oi Ri, Oi R|, Oi R.>,, &c. 

Symbols. — Every face of this form cuts one of 

the cubical axes at a distance from its centre, 

equal CP, and the other two axes produced at ^ I 

equal distances greater than CP. 

Taking the lesser distance as 1, and the other ^ c * 

two as #11, where m may be any whole number 

or fraction greater than^unity, the symbol which r- % 

expresses this relation of the faces to the cubical > ^ 

axes win be 1mm. Naumann’s symbol is mOm ; ^ ! &/ 1 >! ^ 

Millers hhk^ h being less than k\ Brooke .isa ‘ 

and Ixsvy’s modification of Hally, A*** or „.-Z 

whore «i is greater than 1. -9. 

To Draw the Describe a cube Aj 

&c., A, (Fig. 39), with itis cubical axes CPi, ^CP:;, &c. ; octahedral axes CAj, CAn, &c., 
and rhombic axes CBi CB.,, &c., CBj^. 

Take E in Bi Ai, so that Bg E = Jh part of B, Aj ; and G, such that B. G= 


part of Ai. 


INORGANIC NATURE.—No. X. 
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Thus if m 2 E = | or J of A^, and B^ G = J of B^ A„ if m = 3 B^ E 
= -^of Bj Aj, and Bj G = ^ of B5 A^. 

In CPi take CD = B^ E, and CF = B,. G. 

Join FG and DE, the latter cutting CA^ in 

Through Oj draw 0^ O.^ pandlel to Ao, 
cutting CAy in 0.^, O3 A^ parallel to A3, cut- 
ting CAg in O.j, and so on till a cube 0^, &c., 

0„ is inscribed in the cube A^ A.^, &c., Ag with 
its edges parallel to it. 

Through the point where FG cuts CA„ draw 
lines parallel to Aj A.j, and A^ Aj to meet CAo and 
CA^, and complete the cube, of which these two 
linos will be edges. 

liCt Rj Rg, &e., R|o, be the points whore the 
linos CBj, CBg, &c., CBig, cut the edges of this cube. 

Now join the points IMl and 0 as shown in Fig. 10, and the resulting form will b(‘ 
a representation of the twenty-foiiv-faccd trapczoh(‘drun inscribed in a cube. 

— The cubical axes of tliis Iraiu'zohcdron coincide with those of tlio cube in 
'M'hic.h it is inscribed, and join the opposite four-faced solid angles, 1\ Pg, &c., I'c. The 



octahedi-al axes arc the — * <,th part of those of the cube, and join the opposite thrcc- 


fiiced angles 0i Og, &c., 0„. 

The rhombic axes are the ^th part of those of the cube, and join the opposite 
four-faced angles R| R,, &c., Rjg. 

Ltclinalion of Adjacent Faces — If 6 be the angle of inclination of two adjacent faces, 
measured over the edge PR, joining the extremities of the rhombic and cubical 


axes, cos. 0 z= . ; and if <i) be the angle of inclination nioariurcd (»vcr the edge 
* wi- 4- 2 ’ ^ 

OR, joining the extremities of* the rhombic and octahedral axes, cos. (f) = 2 ’ 


Limits of the Form , — This form varies as m increases from 1 to an infinitely groat 
number, from that of the octahedron to that of the cube. In this case 0 increases 
from lOQ"" 28' to 180', and </> decreases from 180'^ to OO** ; the octaliedral axes from the 
^rd to the whole, -and the rhombic from the J to the w’hole of the corresponding axes 
of the cube, in which the figure can be in-scribcd. 

2b construct a Net of twmty-four faced Trapezobedron^ which can he insetdhed in a pivot 
(7, Describe a square Pj B^ Po C (Fig. 41), having one of its sides equal half the 
edge of the given cube. Join CBj, produce Pg C, 
and B| Pj to and A^. 

Make CB^ and P^ Aj equal CBi. Join Aj B^ 

andCAj TakoCD = ;^CPi,CF=^ 

* W -J- A -f-1 

CP,. 

Draw DE and FG parallel to A^ B^ 
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Let Oj bo the point whero ED cuts Cj, and the point where EG- cuts 
CB. 

Take CR^ in equal to CRj. Join Pi li,, P.„ Pi Oi and 
Oi R,.. 

^ Draw a line Pj Oj (Fig. 

42), equal Pi Oj of Fig. 

^ 41, and on it describe a 

' Fig. 42. triangle having its sides 
1\ Ri and Oj Ri equal to Pi Ri, and 0, IXr^ 
of Fig. 41. Describe a similar and c(|ual 
triangle Pi R4O, on the other side of Pj 0,. 

Then Pj Ri Oi R4 will bn a face of the 
required twenty-four fail'd trapezohedron ; 
and twontj^-four of thesti being an'onged as in Fig. 43, will form the net. 

Forms o/i/i6 Twculij-f surfaced Trapfzohedron, — The foim 122, 2 02 of Xaumann, 
112 of ivliller, and d- of Brooke and Levy, has its octahedral axes and its rhombic 
axes 5 of the corresponding axes of the cube in which it can be iuscribed. Inclination 
of faces over any edge PR, 131' 49', of theii* normals 48’ 11'; over any edge OR 
14 6’ 27', normals 33’ SS'*. 




Crystals of the following minerals hare faces parallel to this form : — 


AraalKam. 

Argentitc. 

Analdmc. 

Boracitc. 

Cuprite. 

Dufronoysitc. 

Eulytinc. 


Fabler/. 

Franklinile 

Fluor. 

Gold. 

Galena. 

Garnet. 

Lcucite. 


Pyrite. 

Pyrochlore. 

Sal uiniiioniac, 

Sodalite. 

Smaltinc. 

'loimantitc. 


The form 133, 3 0 3 of Naum'ann, 113 of Miller, and a* of Brooke and T^evy, has its 
octahedral axes ;j» aud rhombic -J of those of the cube. Inclination over PR 144’ 64' 
normals, 35’ G' ; over OR 1*29’ 31', normals 50’ 29'. It occurs in 

Blende. Gold. Porowf^kito. 

Copper. Galena. Pyrochlore. 

Faliler/. Ma^ctite. Spinellc. 

Fluor. Pyrite. • 

The form Iff, f 0 f , of Naumann, 22.3 of Miller, and flf of Brooke and Levy; 
octahedral axes f, rhombic f. Inclination over PR 121’ 58', normals 58' 2' ; over OR 
IGO’ 15', normals IG"" 45'. It occurs in 


Argentite, Gold, and Tennantite. 

Tho form 1 f f 0 J Xaumann. 334 ^Miller, and ai Brooke and Levy, octahedral 
axes f, rhombic f. Inclination over PR 118® 4', normals 61’ 50', over OR 166’ 4', 
normals 13® 56'. Occurs in Galena. 

The form 1 f f , -J 0 f Naumann, 449 Miller, and a% Brooke and Levy, octahedral 
axes rhombic Inclination over PR 137® 48', normals 44® 12*, over OR 141® 9', 
normals 38’ 51'. Occurs in Perowskito. 

The form Iff} f 0 f Naumann, 338 Miller, ai Brooke ami Lovy, octahedral 
axes 4, rhombic ■^. Inclination over PR 141® 18', normals 38® 42' ; over OR 134® 2', 
normq^ 45® 58'. Occurs in Fluor. 

The forms 144, 1 10 10, 1 12 12, 1 16 16, and 1 40 40, whose octahedral axes bto 
respectively f, f , f, f , and ff , of those of the cube in which they are inscribed, and 
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rhombic axes the -J, -Jj, and Their respective inclinations over PR being 
152'’ 44', 168® 38', 172® 62', and 177" 8'; over OR 120" 00', 101® 53', 99® 52', 97" 21', 
and 92® 54', those of the normals of the former being 27® 16', 11® 22', 9® 30', 7" 8', and 
2" 52' ; of the latter 60® 00', 78®,7', 80® 8', 82® 39', and 87® 6'. 144 occurs in Kcrate, 
1 10 10, and 1 16 16 in Magnetite, I 12 12 in Blende, and 1 40 40 in Pharmacosidcrite. 

The Four- Faced Cube, caRcd also the pyramidal cube and tetrakM^exahedron, 
Being a characteristic form of Huor 8i)ar, llaidingcr gave -p 

it the name of Flmride. 

Faces , — ^This form is bounded by twenty-four equal ^ 

and similar isosceles triangles. As the three -faced oeta- IfSTi 
hedron may be derived from the octahedron by i)lacing on - \ y K > 

every face of the octahedron a i)yi*amid with three trian- ^ ^ \ > ' 

giilar faces on a triangular base equal to the face of the V / \ 

octahedron, so this form may bo derived from the cube by ' \ 

placing on every face of the cube a pyramid with four 
isosceles triangles for its faces, on a square base equal to . 

the face of the cube. 

Solid Aiiyles,-— It has six four-faced solid angles, Pj P.^, &e., P^, which touch 
the centres of the faces of the cube in which it is inscribed, at the extremities of the 
cubical axes. 

Eight six-faced solid angles, Oj O.^, &c., Or, which always lie in the octahedral 
axes of the cube in which it is inscribed. 

Aifi7ej».-There arc twelve longer equal edges (Oi 0., ()«, &r.) joining the six- 

faced solid angles together, and twcntj’'-four shorter equal edges, 1\ 0^, O.^, &c.> 

joining the four-faced solid angles with the six-faced ones. 

Symbols. — Every face of this form cuts one of tlie cubical axes at a distance, CP 
(Fig. 45), from its centre, another axis at a distance m times CP from the centre, and 
is parallel to the third axis; at may be any 
whole number or any fraction greater than one. 

Taking CP =z 1, the symbol which wdll repre- A 
sent this relation is 1 oo . Xaumann's symbol 
is 00 Om, Miller's hkoj and IJrookc and Levy's 
modification of Ilauy, or B" 

To draw the Four- faced Cube, — Describe 
a cube A^ Ao, &c.. A, (Fig. 45), witli its 
octahedral axes A| A-, A2 Ag, &c., meeting in C, 
and its rhombic axes B| B^^, B3 B9, &c. 

Take E in Bg Aj, so that Bg £ = — ^ ^ CAj. 

Thus, if m = 2 B^E =: % CA^, Fig. 45. , 

Thus, if m = 3 B5E = } GA. 

In CP| take CD = B^ £. Join'DE, cutting CA^ in 0^. 

Through Oj draw 0^ Og parallel to Aj Aj, cutting CA^ in 0.^. Through 0.j diaw 
0.^ 0, parallel to A^ A,, cutting CA, in 0, ; and so on, till a cube Oj Oy, &c.,"08, is 
inscribed in the cube A^ A^, &c., Ar, with its edges parallel to it. 

' Join the points Pj 0„ P| Oy, &c., as in Fig, 45, and the resulting dgm'e will bo a 
representation of the four-fiiced cube inscribed in a cube. 

^res.— The cubical axes, Pj Po, Py P4, and P* P3 of the four-faced cube coincide 
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with those of the cube ia which it is inscribed, and join the opposite four-faced solid 
angles, l\ R, &c., r«. 

The octahedi-al axes are the of those of the cube, and join the oppo- 

site six-faced solid angles, 0^ Ojg, &c., Og. 

The rhombic axes arc the — ^- ^th part of those of the cube, and join the centres of 

t!io opposite longer edges, 0^ Og, Og 0-, &c. 

Lidinatim of jidjacetU Faces. — If 9 be the angle of inclination of two adja- 
cent faces, measured over the edge, joining the extremities of the octahedral axes, 

such as 0. 0.,, cos. 0 z= and if tb be the angle of inclination measured over 

I . 1 w- ^ 

the edge joining tlic extremities of the octahedral axes with those of the cubical, such 
as P, ()., tllec cos. tb r= — ■. 

Limits of the Form. — The four-faced cube varies as m increases in magnitude, 
from 1 to oD , from the rhotnbic dodecahedron to the cube. In this ease 9 decreases 
from 180"* to OO'', and ^ increases from 120"* to 180°. 

The octahedral and rhombic axes increase from the J ^ 

to the ivhole of the corresponding axes of the cube in e — 5 — 

which the figure can be inscribed, x. \ 

7b comtruet a Ad of the four faced Cuhe which can he X. / 2 

inscribed in a given Cube. R^ C 1*2 

Describe a square, Pj Bi, P.^ C (Fig. 46), having 
one of its sides equal half the edge of the given cube. 

Join CBj, Produce P.. G,'and Bj P^ to and Aj. Make CB, and Pj both equal 

Join Ai B„ and Aj C. y\ 


®irough E draw ED parallel Aj P^, cutting A^ C in 0^. Join 

Pi ^1- Fig. 47. 

Draw a line, P^ P.j (Fig. 47), equal CBj, or V., of Fig. 46, On 
this base describe an isosceles triangle 0^ P^ Po, having each of its sides, P| 0^, 0^ Po, 
equal Pj 0^ of Fig. 46. 

Pi Oj Pj M'ill bo a face of the required four- 
faced cube ; twenty-four of these faces l>eing 
arranged together, as in Fig. 48, will form the 
required net. i 

Forms of the four faced cube. 

The form 12qo, oeOB of Naumum, 210 
Miller, and h* of Brooke and Levy, has its 
octahedral and rhombic axes of those of the 
cubcinVhich it is inscribed. Indination of 
faces over any edge, such as 0i 0, 143® 8' of 

their normals 86® 62'; over any edge, such as Pj Oj 143® 8' normals 36® 62'. 
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Cnjstah of the foUoicing minerals have faces parallel to this form : — 

Arg:cutltc. Fluor. Garnet. Percy lite. 

Copper. Gold. Matriielite. Salt. 

Ct.lialtiiic. (;cl^^L^r^rlll^, Pyrite. Silver. 

Cuprite. 

The form 13 x., go' 03 Xjiumaiin, 310 Millov, //• Brooko und Levy, lias its octahcdrul 
and rhoirilnc ax.'s J of the cube; irndination over OiO.j 120 ’ o*2', normals 53'’ 8 '; over 
PiO^ 154’ 9', normals 25’ oT. It occurs in 

Amali^im, Fabler/., Fluor, Ilanorite, ami Pyrite. 

The for!]i ccOj X.aiimann, 320 ]Millcr, b-i Brooke and Levy, has its octa- 

hedral and rlu axes J of the cube, inclination over 0^0.^ 157’ 23', normals 22’ 37'; 
over 133’ 19', normals IG’ 11 '. It occurs in 

Argcntitc, lllcudc, Dianioad, Pyrite, and rerouv^kilc. 

The fonu 14 =c , » O jNamuaun, 520 jliller, lA Bn}oke and Levy, ha -4 its octahedral 
and rhombic axes those of the cube, iiulinalion over OjlL 133’ 5G', normals 46'*24'; 
over 1 10’ 33', normals 30 ' 27'. It occurs in 

Copper and Fluor. 

The form 1 J x , =c OJ Xaumami, 130 iMiller, a:ul tVi Brooke and Levy, lias its octa- 
hedral and rhombic axes ^th those of tlic euho, inclination over 0^0.^ 103’ 41', normals 
16“ 16 over PiOi 129’ -IS', normals 50’ 12'. It occurs in 

Dhmond and Perowskitc. 

The form llco, oc04 Xaiimann, 110 Miller, and Brooke and TiCvy, has its 
octahedral and rhombic axes 4 of the cube, inclination over Oj (L 118’ 4', normals 
61“ 56' ; over 1\ 0^ 160“ 15', normals 19’ 45'. It occurs in 

Cobaltinc and bilver. 

The form 1 Joe , ocOJ Xaumann, 510 Miller, h'f Brooke and Levy, lias its octahedral 
and rhombic axes Jth of the citbe, inclination over c(l*;:e 167’ 19', normMs 12’ 41'; 

over edge (Ij 127“ 34', normals 52’ 26'. It occurs in * 

Perowskite. 

The form 15ao , oo05 Xaumann, 510 IVlillcr, b'* Brooke and Lc\'y, has its octahedral 
and rhombic axes -g of tlie cube, inclination over 0^ Oo 112’ 38', normals 67’ 42', over 
Pi Oi 164“ 4', normals 25’ 51'. It occurs in 

Cuprite. 

The form IJoo approaches ncai'cr to the rhombic dodecalicdrou, and the form 15oo 
to the cube, than any of the other forms which have been described as occuring in 
nature. 

Six-laced Octahedron. — The six-fuccd octahedron, called also the liexakisocta- 
hedroHy ietra^kontaokfaedrony pgramidal-granatohcdroify triagonal polghcdron. Being a 
characteristic foim of the diamond, llaidiiigcr named it Adamanioid. u 

Faeesy Edgesy and Solid Angles, — The six-faced octahedron is bounded by forty- 
eight equal and similar scalene triangles, such as Pi Oi Ej, Pi Oi R 4 , &c. It has 
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six oight-faccd solid angles, l\ P.^, &c., Pa, whose apices terminate the cubic axes and 
touch the faces of the cube in which the figure can be 
inscribed. Eight six-faced solid angles, 0 ^ 0.„ &c., Or, 
whose apices always lie in the octahedral axes, and twelve 
four-faced solid angles, 11 , R.,, &c., Rj^, whose apices 
always lie in the rhombic axes of the cube in which the 
six-faced octahedron can bo inscribed. It has tw'cnty- 
four long edges, 1\ Oj, l\ i),, &c., Pr Or, joining the apices 
of the eight-fjiccd and six-faced solid angles, twenty-four 
intermediate edges, Pj R|, 1 m P 5 , &c., joining the apices of 
the oight-fiicotl and foiir-fii(‘ed solid angles, and twenty- 
foiU' fchort edges, Oj I 4 , 0^ Im, 0^ R.,, &e., joining Uic apices 
of the six-faced and four-fiicod .solid angles. 

^yiuhuh for the Sb'-farrcl Octahedron , — ^Evory face of the .six-faced octahedron, 
if produced, will cut lhv('c of the cuhieal axes produc.‘d iu three points at unequal 
distances from the centre of the axes. Thus, in Figs. 40 or 50, the face R 5 P 
produced cuts the axis C P. iit tlie P^, the axis 0 P^ produced at a distanei' # of 
C P 5 , and C Pj produced at a distance thre ' times C from C, the centre of the axes 
and figure. Sirnihirly, every face of the figure cuts one axis at a distance C P, another 
produced at .5 of C P, and the third cuhical axis produced at a distance three times C P. 
Taking C P, the distance of the eentre of the figure from the apex of one of its 
eight-faced solid angli's, as our unit, the symbol whieli will represent this relation 
of the faces to the cuhical axes will he 1 , g-, 3. The general symbol will be 1 , wi, m 
whore m and n arc any whole numbers or fi*actions greah v than one, and m less than w. 

Naumaiin’s symbol is m 0 w, ^Miller’s h h /, //, h and I being all three whole numbers ; 

and Brooke and Levy’s modification of Haiiy, B* B-> or li- 



To draw the Six-faeed Octahedron^ whose snmbol is 1 , w?, n. 

Describe a cube Ai A.^, &c., Ag (Fig. 

50) wdth its octahedral axes, C Aj, C A.^, &c. 

C Ar, rhouihic axes C C B.j, &c. C Bj.^, and 
cubic axes C P,, C P.j, &c. C P« ; only one of 
tlic latter, C Pj, is shown in Fig. 52, in order 
not to crowd the figure unnecessarily. 

Take a point E in B^ A^ such that 


B. Ezi: 




For tlic form 1, f, 3 B^ E = 

Bg Ai ziz ^ B-, Aj, or L = ^ B^ A|. 

Take another point G in Aj, such that 

B. G = 

* l-i- 



Fig. 50. 


b,a,. 


For the form 1 , 3 B^, E = 


JL 
m 

1 + T 


Bfi A^ ~ Bg A^. 


Join Pi Ai and C Bg ; through E and G, draw E D, and E F parallel to Aj Pj or Bg C. 
Let E D cut CAi in Oj. Through Oi draw 0.. parallel to Aj A.^, cutting C Ao 
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in Oa ; 0^ O3 parallel to Aj A,, cutting C A^ in O3, and bo on, till a cube 0^ O3, &c., Og, 
is inscribed in A^ A^, Ac., A, ; haying C 0^ G O.^, &c., G O 3 for its octahcdi^ axes. 

Similarly, commencing from the point where 

F G cuts G Aj, draw another cube whoso edges arc 

parallel to the one just described, and haying G 
C Ha, G E 3 , &c., G Ej 3 for its rhombic axes, as 
shown in Fig. t50. Join the points Pi Oj, Oj B 4 , Pi 
E 4 , &c., as shown in Fig. 51, and the six-faced octa- 
hedron will be drawn, with all its axes inscribed 
in a cube. In this, as in the preceding forms, if 
it is only required to show the form itself, as in 
Fig. 49, the Figure 51 may be first drawn in 
pencil, and the outlines of the form being drawn 
in ink, the other Encs may be nibbed out. The 
form drawn in Figs. 49 and 51 is that whose 
symbol is 1 , 3 , but the student is advised to draw for himself some of the otner forms 

which occur in nature of the six-faced octahedron, in order to familiarise himself with 
the different properties of the figure, and its relations to the axes of the cube in w'hich 
it is inscribed. 

Axes of the Six-faeed Octahedron. 

The cubical axes of tho six-faced octahedron join the opposite eight-faced solid 
angles, and are equal to the cubical axes of tlic cube in which it is inseribed. 

The octahedral axes join the opposite six-faccd solid angles, and arc equal to the 

I 1 1 th nart of the octahedral axes of the cube in which the figure is inseribed. 

1 + - + - ’ 
m n 

The rhombic axes join the opposite four-faced solid angles, and jarc. equal to the 
1 

^ ^ 1 th part of the rhombic axes of the cube in which the figure is inscribed. 

'tn ^ 

Inclination of the Adjdeent Faces. 

If 9 be the angle of inclination of two adjacent faces over the edge P 0 (Figs. 49 
and 51), joining the eight-faced and six-faced solid angles, 

1-t- A. 

mn 

Cos. 9 = 1 r • 

1 + 

If ^ be the angle of inclination over the edge OE, joining the six-faced and four- 
faced solid angles, 

2+.1 


Gos. 0 = 


1 +^' 


If be the angle of inclination over the edge EP, joining the four-faced and eight- 
faced soEd angles, 

^ 

Gos. ^ = i 1 . 
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Litnita of ilie Form of the Six faced Octahedroii. 

The Bix-faced octahedron may be regarded as the most general form of the cubical 
system, aifd that from which all the others may be easily derived, Thus, as m and n 
approach in magnitude to unity, the dx faced octahedron approximates to the octahe- 
dron ; and when m and n are both equal to unity, it becomes the octahedron. In this 
case, the six faces forming the six-faced solid angle all lie in the same plane, and the 
edges II 4 and R 5 P 5 lie in the same line. 

As m and n both increase in magnitude and in equality to each other, the six faced 
octahedron approximates to the ctibe ; and when m and n arc both infinitely great it 
becomes the cube. In this case, the eight planes which form each eight-faced solid 
angle all lie in the same plane, and the edges 0 ^ E 4 and II 4 O 4 lie in the same line. 

As m approaches to unity while n increases in magnitude, the six faced octahedron 
approximates to the rhombic dodecahedron ; and when m equals unit}', and n is infi- 
nitely great, it becomes the rhombic dodecahedron. , In this case, the four planes which 
form each pur-faced solid angle lie in the same plane. 

When m equals unity while n remains finite, the six faced octahedron becomes the 
three faced octahedron ; and the planes on each side of the edge RO lie in tlic same 
plane. 

When m and n arc equal to each other, both finite and grcat«T than unity, the eix- 
faced octahedron becomes the twenty four faced trapezohedron ; and the* planes on each 
side of the edge PO lie in the same plane. 

When m remains finite, and n becomes infinite, the aix faced octahedron becomes 
the four faced cuhe^ and the planes on each side of the edge PR lie in the same plane. 

All the formula for the axes afid the inclination of the faces, &c., for all the holo- 
hedral forms of the cube may bo derived from those of the six-faced octahedron, by 
substituting ^ for m and fi, for the cube ; 1 for m and n for the octahedron ; 1 for m 
and i for n for the rhombic dodecahedron ; 1 for in for the throe-faced octahedron ; m 
for n for the twcnty-four-faccd trapezohedron ; and ^ for n for the four-faced cube. 


To describe a Net for the Sixfaced OeSthedron which may be inscribed in a given Cube. 
Describe a square, P^ P^ C (Fig. 52), having one of 
its sides half the edge of the given cube. Join CB^. » 

Produce Bi Pj to Ap and P 3 C to Bj. 

Make A^ P^ ani C both equal G B|. J oinAi and A| C. 

Take B, E = . 1 B» Aj and B, G = B, A,’ 

1 4-i + - 1 + 1 

m n vi 

Through G and E draw G F and E D parallel to A^ P^ 


Ay. 






Vf ,S.S 



Fig. 52. Fig. 53. Fig. 51. 

Let E D cut A, C in Oi, and 6 F produced cut C B, in R]. Join F) 0„ P, Ri, and Ri P, 
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In C Bj take C II 5 eq^ual C Ri and join 11* Oj. 

Then draw a lino Oi Pj (Fig. fi3), equal 0^ Pi (Fig. 62) on Oj Pj (Fig. 63), as a 
hose, describe a triangle, Oi R. Pj, having its side Oj R equal to Oj Rs (Fig. 52), and the 
side Pi R equal to Pi Ri of Fig. 52, then 0, R Pi will be a face of the required figure. 

Forty-eight such faces arranged together, as in Fig. 54, will form the required not 
from which a model of the six-faced octahedron can be formed, which can be inscribed 
in the given cube. 


Forms of the Six-faeed Octahedron tvhich occur in Xutnre, 

The form 1 , ^ whose symbols arc 0 J, Xaiiiiiann ; 4, 3, Miller ; and />4, b\ hi, 

Brooke and Levy, has its octahedral axes -j^th and rhombic -Jth those of the cube in 
which it is inscribed. 


Cos. 0 = ^6= 1G8' 31', cos. <> = = 168" 31' cos. ^ z= 120’ 48'. 

Inclination of normals of faces whose inclinations to each other are 6 ^ and -ip res- 
pectively, 11". 29^ ir 29', and 60’ 12'. 

Faces parallel to this fonn occur in crystals of Pyritc. 

'rho form 1, gj, 64 ; 64 0 Xanmann; 64, 63, 1, ^lillcr ; 6’, Brooke and 

Levy. Octahedral axes = J ; rhombic zz: 

Cos. e = e = 12r 3 1'; cos. -Jg-gg </> == 170 ’ 6'; cos. =i ,// = 178’ 43'. 

Inclination of normals 58’ 26', 0’ 54', and 1® 17'. 

Faces parallel to this form occur in crystals of Garnet. 

'Ihcfonn I, 4, 2 ; 204, Xaumann; 4, 3, 2, Miller; :ind 54, 5i, 5i, Brooke and Levy, 
Octahedral axes 4 ^i^d rhombic*4* 

Cos. 6 = fj, 6 = 164" 55'; cos. ^ tp z= KKl* 55'; cos. rp = iP= 130’ 24'" 
Inclination of normals, 15® 5', 15® 5', and 43’ 36'. 

Faces parallel to this form occur in crystals of Linnoite. 

The form 1, 4 ti V > V ^ iti ^(aumann; 15, 11, 7, Miller; and hT^\ 

Brooke and Levy ; octahedral axes, 44 ; rhombic, 44- 

Cos. e = 445» fl=163’ 38'; cos. «^>=:4JJ,^ = 163’ 38'; cos. = HI. + = 138. 
45'. Inclination of normals, 16® 22', 16’ 22', and 41® 15'. 

Faces parallel to this form occur in Linncite. 

The form 1, 4, 4; 4 0 4/ Naumann; 4, 3, 1, Miller; and h\ hi, 5V, Brooke and 
Levy. Octahedral axes, J ; rhombic, f. 

Cos. 6=z4|, 0 = 147® 48'; cosj. 4) = |4- 4> = 164®3'; cos. + = gj. 'f' = i'57’ 23'. 
Inclination of normals, 32’ 12', 15’ 57', aii^2® 37'. 

Faces parallel to this form occur in Garnet. 

The form 1, 4. 3 ; 3 0 4, Xanmann; 3, 2, 1, Miller; and 5‘, hi, hi, Brooke and 
Levy. Octahedral axes = 4 ; rhombic, f. 

Cos. 0 = 44, 0 = 158® 13' ; cos. <?> = 44, ^=158’ 13'; cos. i^ = 4J, 1^=149® O'. 
Inclination of normals, 21® 47', 21® 47,' and 31® O'. 

Faces parallel to this form occur in 


Amalgam. Diamond. Ilaucrite. 

Cobaltine. Fahlcrs. Magnotite. 

Cuprite. Garnet. Pyrite. 

The form 1, 4f 0 4. Xaumann; 5, 3, 1, Miller ; 51, h\, Brooko and Levy ; 

octahedral axes, 4 ; rhombio, 4* 

Cos. 0=4b 5 = 162® 20'; cos. ^ = 44 , ^ = 162® 20' ; cos. iff = 44» <'= 130® 32'. 
Inclination of normals, 27® 40', 2,T 4^^ and 19® 28'. 





BIX-FACED OCTAHEDRON. 


3]J 


Faces parallel to this form occur in Boracitc and Pyritc. 

The form 1, 2, 4; 4 0 2, Neumann; 4, 2, 1, MiUcr; h\^ Brooke and Levy. 
Octalicdral axes, 4 ; rhombic, f . 

Cos. d=S-?, 0 = 162® 15'; cos. ^ ^>=144® 3'; cos. ^ = ii, 4 = 154M7'. 

Inclination of normals, 17® 45', 35® 57', and 25' 13'. 

Faces parallel to this form occur in Fluor, Gold, and Pyritf?. 

The form 1, y, y ; y 0 y, Naumann; 11, 5, 3, MiUcr; C/, , Gi, Gi, Brooke cud 
Levy. Octahedral axes, 44 ; rhombic axes, 

Cos. e = 0 = 16G' 57' ; cos. tp = fig, (f> = 140' 0' ; cos. + = 152 T. 

inclination of normals, 13' 3', 39' 51', and 27' 53'. 

Faces parallel to this form occur in crystals of Fluor. 

The form 1, VS 4; 4 0 Yt Naumann; 16, 7, 4, ^liller; G|, 67, CiV, Brooke and 
Levy. Octahedral axes, J f ; rhombic axes, J J. 

Cos.0=5i.«.,0= 16C’24'; cos.^ = 54?, <>)= 138®2:r ; cos = 4= 154^ 12'. 

InclinatiuQ ot normals, 13® 3G', 41® 37', and 25® 48'. 

Faces parallel to this form occur in crystals of Fluor. 

The form 1, 7 ; 7 0 J, Naumann; 7, 3, 1, MiUcr; d\ Gi, Cl, Brooke and Levy. 

Octahedral axes, ; rhor.^)ic, -j'L, 

Cos. 0 =z: ^4, 0 = 158' 47' ; cos. <p = -J (/> = 13G' 47' ; os. =z = 165' 2'. 
inolinatioii of normals, 21® 15', 43® 13', and 14® 58'. 

7^®acc3 paraUcl to this form occur in ciystals of Fluor. 

'Ihc form 1, 4, 8; 8 0 4, Naumann; 8, 2, 1, Miller; b\ bl, b\ Brooke and Levy. 
Oi'tahcdral axes, ; rhombic axes, J. 

Cos. 0 = S4, 0= 170' 14' ; cos. =5 <^ = 118® 34' ; cos. 4 = fj, i/^ = 166® 10'. 

Inclination of nonnals, 9® 40', 61® 26', and 13® 50'. 

Faces parallel to this form have been foimd in crystals of Galena. 





Combination of the Foims of the Cube and Octahedron — When the 
faces of the cube Po, &c., P, (Fig. 55), predominate, the solid angles of the cube arc 
replaced by triangular faces 0 ^ &c., Og, which are parallel to those of the inscribed 
octahedron. When the faces 0 ^ 0 .^^ &c., 0g, arc so largo that the angles of their 
triangles meet, P^ P^ &c., Pg, are squares (Fig. 56). When the faces of tho octahedron 
predominate, as in Fig. 57, the' solid angles of the octahedron arc replaced by square 
planes of the cube Pj Pg, &e., Pg. 

If 0 bo tho angle of inclination of a face of the octahedron, os a., to any of tlic 
adjacent faces of the cube, as P^ P2, or Pg, 1 

Cos. «= ^« = 123° 16'. 

y/Z 

Inclination of normals, 0 ^ and Pi=z;54® 44'. 



316 


COMBINATIONS lYlTH CUBE. 


Gomlblnation of Cube and Rhombic Dodecahedron.— When the faces of 
the cube P| P2 Pai &c., (Fig. 58), predominate, the faces of the rhombic dodecahedron, 
♦*1 ’*4 replace the edges of the cube. 

When the faces of rhombic dodecahedron predominate (Fig. d9), the faces of the 
cube Pi Pj Pfi, replace the four-faced solid angles of the rhombic dodecahedron with 
square planes, P^ Po, &c. 

If 0 bo the angle of inclination of the face of the cube P^ to the adjacent*faccs of 
the rhombic dodecahedron &c., and the inclination of their normals. 


Cos. B = - 


1 2 


8= 135\ andS' = 45\ 


I 


I 





Cembination of Cube and Three-faced Octahedron.— When the faces 
of the cube, P^ P^ P5, &c. (Fig. 60), predominate, the solid angles 
of the cube are replaced by the three-faced solid angles of the 
thrce-faccd octahedron, forming three trapezoidal planes, hi 6^, 
and 63, for each solid angle of the cube. 

When the faces of the three-faced octahedron, hi ^3, d:c., 
predominate (Fig. 61), the eight-faced solid angles of the three- 
faced octahedron arc replaced by octagonal planes of the cube 
Pi P3 Pfti &c. 

Let 0 be the angle of inclination of Pj to hi or ^3, 9 that of 
their normals, and ^ the angle' of inclination of P^ to ^2* that of their normals. 

If lift be the symbol of the three-faced octahedron, 

COS.0SZ 7=i= «' = 180'’-eco8.*=— ffl' = 180’-4. 

^ 2 +^. ^ 

For the form 1, 1, « cos. • = •'= 125* 28* 8^ = 64*32'. 

cos. ♦ = ♦= 124* 


For the form 1, 1, cos. 6 = Vft 

8= 12r69' •' = 52‘1'. 

cos. ^ = Vi# 

^ =z 119* 29' = 60* 31'. 

For the form 1, 1, #» cos. 0 = Va 

0 = 129" 46' 8’ = 69" 14'. 

cos. ^ = VA 

^ = 116" 16' ,' = 64" 46'. 

For the form 1, 1, #, cos. 0 = VtA 

8 = 130" 68' O' = 49" 2*. 

cos. ♦ = V^W 

,= 112" O' ,' = 68"0'. 

For the form 1, 1, 2, cos. 0 =: V# 

8 = 181" 49' r = 48" 11'. 

cos. ^ = Vi 

, s= 109" 20' ,' = 70" 31'. 





COMBINATIONS WITH CUBE. 
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For the form 1, 1, 3, cos. B =: V-^ 3 = 133® 30' = 46® 30'. 

cos. ^ = V* ^ = 103® 16' 4>' = 76® 44'. 

For the form 1, 1,^ 4, cos. B == Vif~ B = 134® 8' B* = 45® 52'. 

cos. 0 = V* = 100® 1' = 79" 59'. 

Combination of Cube and Twenty-fow-lkced TiapesobedEon.— When 
the faces of the cube Pi Ps P^* predominate (Fig. 62), the solid angles of the cube 
are replaced by the three-faced solid angles of the Trape^.o- 
hedron forming three triangular planes for each solid 

angle of the cube. 

When the faces of the trapozo- 
hedron predominate (Fig. 63), tho 
four-faced solid angles of the trape- 
zohedron, which terminate the 
cubical axes, arc replaced by square 
planes of the cube Pj P^ P^, &c. 

Let B bo the angle of inclination of 
Pi to /»!, O' that of their normals, and tp the angle of incli- 
nation of Pj to <^2 or that of their normals. 

If 1 m m be the symbol of tho twenty-four-faced trapezo- 
hedron, 




'Vi + 


a, 

mi 


’ = 180*-4». 


For the fonn 1, ^ cos. B = Vj-J ® = 133® 19' O' = 46° 41', 

cos. tp = VA = 120® 58' = 59® 2'. 

For tlic form 1, ^ #, cos. 0 = V-ft- ^ = 136® 41' O' =z 43° 19'. 

cos. <p = <p = 119® 1' 4>' = 60° 59'. 

For the form 1, 2, 2, cos. 0 = Vf 0 = 144° 4i' O' zz: 35® 16'. 

cos. <p = fp = 114® 6' = 65® 54'. 

For the form 1, }, f, cos. 0 = f = 1^7® 51' O' = 32® 9'. 

cos. <p z= 112® 6' = 67® 54'. 

For tho form 1, f, f, cos. 0 = Vff ® == 132® 4' O' = 27® 56'. 

cos. <p = VA ^ = 109® 21' ^'=: 70® 39'. 

For the form 1, 3, 3, cos. 0 = VA 3 = 154® 46' O' = 25® 14'. 

cos. tp = VA ♦ = 107® 33 '^' = 72® 27'. 

For the form 1, 4, 4; cos. 0 = i/H 3 = 160® 32' 0' = 19® 28'. 

cos. <p = v'A ♦ ’= 133® 38' 0' = 76® 22'. 

For tho forml, 10, 10, cos. 0 = = 171® 57' O' = 8® 3'. ! 

cos. <p = tp =ss 95® 41' 4>' = 84® 19'. 
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COMBIKATIONS WITH COBB. 


For tbe form 1, 12, 12, cos. 0 = v'ilt « = 173" 17’ F = 6" 43'. 

cos. — 99’ 46' (j)' — S5^ 16’. 

For the form 1, 16, 16, cos. $ = v'lW * = 171’ W' fl! = 5’ 3'. 

cos. ^ =z 93" 34' <!>' = 86" 26’. 

For tho form 1, 40, 40, co.s. 0 = 0 = 177° 8' F = 2" 62'. 

cos. <(, = 1/^ 4>= 91’ 26' f = 88" 34'. 






l\ 

i 

7 


i! 

>1 
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Combination of Cube and Foiur*£aced Cube. — ^Wlicn the faces of the cube 
Pj Po Pg, &c, (Fig. C4) predominate, each edge of the cube is replaced or bevelled by 
two faces of the four-faced cube 

When the faces of tho four- 
faced cube ^3 &c. (Fig. 

65) predominate, every four- 
faced solid angle of tho four- 
faced cube is replaced by a 
sqiiare plane, Pj P.^, &c., of th*e 
cube. 

Figr. 64. If 1, 00 be the symbol of 

the four-faced cube, 

0 tho angle of inclination of Pj to Ci or 0' that of their normals. 

<f> tho angle of inclination of P^ to c.^ or C4, ip' that of their normals. 

Then cos. 0 = — J-- — or cot. 9 = »i, F = 180 — 

Vi+»N 

and 4)' = 180° — <p. 

Tho inclination of P, to Cj or c, is 90 ’ in every ease. 



Fiff. 65. 


a .1. — 9 

0, cos. 4> — ) 


l'’or tlic form 1, ^ x , cos. 9 = cot. 9 = J 9 ~ 141° 20' 9' — 36" 40*. 

cos. <l> = Vli = 128" 40' 4> = 61° 20'. 

For the form 1, , cos. 9 z= y' cot. 9 = J 9 =s 143’ 8' V — 36’ 62'. 

cos. ^= 1 /* 4 . = 126" 52' ^' = 63’ 8'. 

For tho form 1, f, x , cos. 0~ cot. 9 = }, 9 = 146° 19' 9’ = 33" 41'. 

cos. 4> = 123’ 41' f =z 56" 19’. 

For tho form 1, 2, x , cos. 9 = t/| cot. 9 = 2 9 = 153’ 26' 9' = 26° 34'. ^ 

cos. ^ ^ =s 116" 34' 4/ = 63" 26'. 

For tho form 1, |, « , cos. 9 = VM cot. 9 = f 9 = 158" 12' 9' = 21° 48'. 

cos. ^ = t 'iV p= 111" 48’ = 68" 12'. 

For the form 1, 3, x , cos. 9 = cot. 9 = 3 9 = 161* 34' 9’ = 18’ 26'. 

coa.4> = 1/* 4> = 108° 26' «t’ = 71° 34'. 

For the form 1,4, x,cos. 9 = cot. 9 = 4 9 = 165° 58’ 9' = 14° 2'. 

008.^8=,/** ^=104°2r ^'s=75°,68'. 

For the form 1,5, x,co8.9s:v^|| cot. 9 =s 5 9 z= 168° 41' 9' = 11° 19'. 

cos. ^ = V* ^ = 101° 19' = 78° 41'.’^ 
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Combination of Cube and 8iJK«faood Ootahodvon.— When the faces of 
the cube Pj P3 P^, &c. (Fig. 66), predominate, each solid 
angle of the cube is replaced by a six-faced solid angle of the 

six-^ed octahedron, forming six trian- ' 

® gular planes 6, for each solid F j 

angle of the cube. / ^ ^ J 

When the faces of six-faced octahe- K / I //j 

dron Sj «3, &c. (Fig. 67 ), predomi- 
nate, the eight-faced solid angles of th(5 
six-faced octahedron are replaced by oc- Fijr. 66. 

tagonal planes P^, &c., of the cube. 

If 1, »», n be the symbol of the six-faced octalicdi-on, 
e the angle of inclination of Pj to or ff that of their 

normals. 

Ip thc’^gle of inclination of P| to or <p^ that of their nomiah*. 
ip the angle of inclination of P^ to <?y, or ^4, if/' that of their normals. 


Fig. 67. 


Cos. 6 = 

t/1 -hj 


= ISO'* 


- e cos. ^=: <j[)' z= 180 ® - tp ; cos. if' = 


180® -[f . 


For the form 1, J, 6 = 135" O', e == 45" 0' ; = 124" 27', 4 >' = 55" 33' ; 

i(/ =: 115® 16*, f = 64" 54'. 

For the form 1, 64, 6= 135" 37', O' = 44" 37 ; ^ = 134" 33', f =: 45" 27' ; 

iP = 90" 38', f =: 89" 22'. 

For the form 1, ^ 2, 6 = 137^' 68', O' =z= 42" 2' ; = 123" 51', = 56" 9' ; i(r =r 

111" 48', f 68" 12'. 

For the form 1, ^ = ^30" 0,' O' = 41" 0' ; ^ = 123" 36', </>' = 56" 24' 

iff = 110® 37', f = 69" 23'. 

For the form 1, }, 4, 6 = 141" 40', 6' = 38" 20' ; ^ = 12Ci" 2 ', == 53" 58' 

iff = 101" 19', f = 78" 41'. 

For the form .1, J, 3, 6 = 143" 18', 6' = 30" 42' ; = 122" 19', 4»' == 57® 41' ; 

xp = 105" 30', +' = 74" 30'. 

For the form 1, J, 5, 6 = 147® 41', O' = 32® 19' ; ^ = 120" 28', f = 59® 32'; 
ip = 99® 4', ip' = 80® 16'. 

’ For the form 1, 2, 4, 0 = 150® 48', F = 29® 12' ; 4> =' 115" 53', ^ = 64® 7' ; 
}p = 102® 36', xP' = 77« 24', 

For the form 1, V, ® = lo2® 4', r = 27® 5C' ; (f» = 113" 41', 0' = 66® 19' ; 
+ _ 103® 57', tP' = 76® 3'. 

For tho form 1, V5, 4, fl = lo3* 16', ir » 26’ 46' ; > = 113’ O', <»’ = 67* O’ ; 
,(, = 102“ 54', >(<' = 77’ 6'. ' 

For the form 1, |, 7, « = 166» 41', O' =, 24’ 19' ; « = 112’j69', ^>' « 67* 1' 
^ ^ 97J29', ^ = 82’ 31'. 

For the form 1, 4, 8, « = 164’ 23', (T = 16’ 37' ; * = 103’ 66’, — TO* 4' 

,|/ 96’ 66’, .s 83’ 6’. 
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COMBINATIONS WITH OCTAHEDRON. 




Combliiation of Octahodron and Rhomliio Dodocakedxon.— When the 
faces of the octahedron predominate, asoi O 4 &c. (Fig. 68 ), 
the jd&nes of the rhombic dodecidie^n r| 1 * 4 , &c., replace 
or truncate the edges of the ootid|||^ 
dron. w. 

When the faces of the rhombief 
dodecahedron predominate, as 
&c. (Fig. 69), the throe-faced solid’ 
angles of the rhombic dodecahedron 
are replaced by triangular planes 0 ^ 

04 tfg, &c. of the octahedron. 

The inclination of 0 ^ to any of the adjacent faces rj, r o^ 
#* 5 , is 144® 44', that of their normals 35® 16'. 

Combination of the Octahedron and Three-faced Octahedron.— When 
the faces of the octahedron 0 ^ 04 a, &c. (Fig. 70), predomi- 
nate, the edges of the] octahedron are replaced or bevelled by 
^ two planes of the three-faced octahe- 

dron. 

When the faces of the three-faced ^ 
octahedron b.^ ^ 3 , &c. (Fig. 71), pre- 
' dominate, the three-faced solid angles 
of the three-faced octahedron arc replaced 
by triangular planes o^, O 4 , &c., of 

tho octahedron. 


Fig. 69 




Fig. 70. 


Kg. 71. 


If ll#i be the symbol of the thrcc-fcu^ed octahedron, 9 the 


angle of inclination of 0 | to 5^, ^ 3 , or ^ 3 , O' that of their normals, 


2+-i 

Then cos. 9 = , x and O' = 180® — 9, 


3(2+ U 


For tho form 1 , 1 , 4 } e = 179* B5’ F = 0 ’ 25'. 

For the fonn 1 , 1 , f 9 = 174* 14' F = 6 " 46'. 

For tho form 1 , 1 , f fl =s 169* 67' F = 10 " 3 '. 

For. the form 1 , 1 , J 9 = 166" 44' F = 13* 16'. 

For the form 1, 1 , 2 9 z= 164" 12' F = 16" 68 '. 

For the form 1, 1, 3 9 = 168° O' F ss 22" O'. 

For the finm 1 , 1 , 4 9=;: 164" 46' F s 26° 14'. 

of tiio Octidwdraa uid Twontyifirax f Mod TkapMO- 
^••dwm. — ^Then the tSues of tho octahedron Oj 04 0 , o. (Fig. 72 ) predomteate, tho 
solid onglef of the octahedron are replaced hy ^ fonr-flued sdid angles of the trape- 
aohednm, '.'hidh terminate its cnhical axes. 4 S- 



COMBINATIONS WITH OCTAHEDRON. 


When the faces a.^ a,, ftc. (Fig. 73), of the trapezohcdron predominate^ the threc- 
facdd solid angles of the trapeze- 
hedron are replaced by triangular 
planes o^, e*, a*, Cg, of the octahc - 



Fig. 72. 


If 1 , m, m be the symbol of the 
twenty-four-faced trapbzohedron , 
B the angle of inclination of the 
face 0 ^ to Og) or 03 ; that of 
their normals. 

1+^. 


Fig. 73. 


Cos. B = 




— 6' = 180‘* — 

\ 


For the form 1, 4 i 
For the form I, f , f 
For the form 1, 2, 2 
For the form 1, f, 4 
For the foxtn 1, f, j- 
For the form 1, 3, 3 
For the form 1, 4, 4 
For the form 1, 10, 10 
For the fonn 1, 12, 12 
For the form 1, 16, 16 
For the form 1, 40, 40 


6=171^* 57' 
B z= 168® 35' 
B = 160® 32' 
B = 157® 25' 
B = 153® 12' 
B = 150® 30' 
B = 144® 44" 
B = 133’ 19' 
B z= 131® 59' 
B z= 130® 19' 


6 '=z 8® 3'. 
S' z= 11® 25'. 
S' = 19® 28'. 
S' = 22® 35'. 
S' = 26® 48'. 
S' = 29® 30'. 
S' = 35® 16'. 
S' = 46® 41'. 
S' = 48® 1'. 
S' = 49® 41'. 
S' = 52® 43'. 


For the form 1 , 40, 40 S = 127® 17' S' = 52 43'. 

Combination of the Ootahodzonand Fow-faced Cube. — ^Whon the faces of 
the octahedron, 04 O 5 Og (Fig. 74), pre- 
dominate, the solid angles of the octahe- 
dron are replaced by the four-faced solid 
angles of the four-faced cube &c. 

When the faces of the four-faced 
cube Cl <?3 tfg, &c. (Fig. . 75 ), pre^mi- 
natc, the six-faced solid angles of the 
four-faced cube are replaced by planes 
Pig, 74, 0 ^ octahedron 04, 05, Og, &c. 

If S be the angle of inclination of 

the face O] of the octahedron, to any of the faces C| r, of the four-faced cube 

whose symbol is 1 ni go, S' that of their normals. 

, . 1 



mk 


Cos. S =: 




' = 180® — I 


For the fonp 1 , 00 

For the form 1 , f, od 
For the form 1, f, 00 
For the form 1 , 2 , oo 
For the form fi oo 


S = 144® 15' 
S = 143‘ 56' 
S = 143® 11' 
S == 141® 46' 
S = 139® 38' 


S' = 35> 45'. 
S' = 36® 49'. 
S' = 36® 49'. 
S' = 39’ 14'. 
S' = 41® 22'. 


INeRQANIC NATURE.— No. XI. 


COMBINATIONS WITH OGTAHBDBON. 


e=:136“66" 
e=iW2er 
B = 132“ 48* 


ar s= 43° &. 
S' = 46° 34'. 
BT = 47 ** 12 '. 


Foe tho tom 1 , 3, oo 
For tlie form 1, 4, oo 
For the foim I, 6, od 

ComMnation of the Octahedron and SIx-fikced Ootahedzon.— When the 
faces 04 O 5 0 g (Figi 76), of the octahe- 
dron predominate, the solid angles of tho 
octahedron are replaced by the eight- 
faced solid angles of the six-toed octa- 
hedron. 

When the faces Cj Cg Sj 04 , &c. (Fig. 

77), of the six-faced octahedron predo- 
minate, each six-faced solid angle of the 
six-toed octahedron is replaced by a 
plane, Oj O 4 05 , &c. of the octahedron. 

If 1 , w, n be the symbol of tho six-faced octahedron, B tho angle of incynation of 
a face of the octahedron 0 ^ to any of the six adjacent faces Cj e, or €« of the 
six-faced octahedron, 0 * that of their normals, 

1 . 1 




Fig. 77. 


Cos. 6 = 


i + i+i 




f ="180> — 0. 


For the form 1 , J," -J 

0 = 168=- 28' 

O' = ir 32'. 

For the form 1 > f |, 64 

0 = 145® 22* 

er as 34“ 38'. 

For the form 1 , 4 , 2 

0 = 164“ 47' 

O' = 16“ 13'. 

For tho form 1 , y 

0 = 163“ 28' 

0r = 16“ 32'. 

For tho form 1 , 4 

0 = 164“ 56' 

O' = 26“ 4'. 

For the form 1 , |, 3 

0 - 167“ 47' 

S’ = 22“ 13'. 

For the form 1 , J, 6 

0 = 161“ 26' 

S' = 28’ 34'. 

For the form 1 , 2 , 4 

0 = 151“ 62' 

S' = 28“ 8 '. 

For the form 1 , ^ 

0 = 151“ 47' 

S’ = 28“ 13'. 

For the form jl, y, 4 

0 = 160“ 38' 

S' = 29“ 32'. 

For the form 1 , 7 

0 - 145“ 46' 

S’ = 34’ 14’. 

For the form 1, ’ 4 , 8 

0 = 139" 62' 

0 

II 


Combination of tbe Rhombic Bodeoahedron and Three-&ood Octa- 
hedron. — When the faces of the rhombic dodecahedron 1*4 
&c. (Fig. 78), predominate, a three-toed 
solid angle of the three-faced octahedron 
^ replaces each three-faced solid angle of 
the rhombic dodecahedron. 

When the faces of three-toed octa- 
hedron 6 x 6 ^ 63 , (Fig, 79), predomi- 
natej ea^ edge of the threc-toed‘ oota- 
riff. 78. hedxbn, irhich jetos its eight-toed s^ 
ang^s, is reidaced by a plane of the rhombic dodecahedron. 

If 1^1 n bo the symbd of the three-faced octahedron, B ^ 6 - 79* 
the anglj^fof inclination of 3^ to r^, or 63 to r 4 , F that of their nromals, 




COMBIMAnOHS 'WITH BBOHBIC DODECAHEDBOK. 


Coa.0=: — fl' = 180“-fl. 


For the fbnxi 1, 
For the form 1, 1, f 
Yos the fdnn 1, 1, f 
For the form 1, 1, \ 
For the form 1, 1, 2 
For the form 1, 1, 3 
For the form 1, 1, 4 


a = 145^ 9' 
a = 150=*^30' 
a = 154® 46' 
a = 158® 0' 
az=160® 32' 
a = 1G6® 44' 
a = 169® 58' 


a: = 34® sr: 
a' = 29° 30'. 
a' = 26® 14'. 
a' =22® O', 
a' = 19® 28'. 
a' =r 13® 16'. 
a' = 10® 2'. 


Combination of the Rhombic Dodecahediron and Twenty-foiur-Faced 
Trapesohedzon.— For the trapezohedron, irhosc symbol is 1, 2, 2, 

When the faces of the rhombic dodecahedron r-, &c. (Fig. 80), predominate, 
the edges of the rhombic dodecahedron arc replaced b}” planes 
a.^ &c. of the trapezohodron. 

When the faces of the same form 
o& the trapezohedron &c. 

(Pig. 81), predominate, each four- 
faced solid angle of the trapezohodron, 
which terminates its rhombic axis, is 
replaced by a plane of the rhombic 
dodecahedron &c. 

Fig. 80 . If 1 w f» bo the symbol of the 

trapezohedron, when m is greater than 2, the four-faced solid 
angles of the rhombic dodecahedron are replaced by the four- 
faced solid angles of the trapezohedron, which terminate its cubical axes. When m is ^ 
less than 2, the three-faced solid angles of the rhombic dodecahedron arc replaced by the 
three-faced solid angles of the trapezohedron. 

If 1 m m be the symbol of the twenty-four-faccd trapezohedron, 6 the inclination of 
to or ^ 4 , of to or &c., 6' that-of Iheir normals, 




Cos. $ 


” - IT = ISO* - fl. 

v'm+io 


For tho form 1, f 

• =148° 6' 

fl' = 31® 55'. 

For the form 1, f, §• 

• = 149° S’ 

ff = 30® 58'. 

For the form 1, 2, 2 

• = 160° 0' 

O' = 30® O'. 

iFov the form 1, |, f 

• =149° 51' 

II 

09 

o 

For tho form 1, f, f 

• = 149“ 1^ 

•* = 30° 48'. 

For the form 1, 3, 3 

• = 118* 31' 

O’ = 31° 29'. 

For the form 1, 4, 4 

« = 1^° 27' 

li 

09 

09 

For the form 1, 10, 10 

• = 140* 22' 

O’ = 39° 38'. 

For tho form 1, 12, 12 

• =139° 32' 

•’ = 40° 28'. 

For the form 1, IJ, 16 

• = 138° 2r 

•’ = 41* 33'. 

For the form 1, 40, 40 

• = 136° 26' 

•' = 43° 36'. 
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Combination of the Rhombic Dodecahedron and Four-faced Cube.— 

Wlicn the faces rjr 4 r 5 , &c. (Fig. 82), of the rhombic dodeca- 
hedron predominate, each four-faced solid angle of the rhombic 
dodecahedron is replaced by a four- 
faced solid angle of the four-faced 
cube. 

When the faces of the four-faced 
cube <?3 &c. (Fig. 83), pre- 

dominate, the edges of tho four- 
faced cube whicb join its tbrcc- 
faced solid angles are replaced by 
planes of the rhombic dodecahedron 

r, 7*4 ^ 5 , &c. 

If 1 , M?, GO be the symbol of the four-faced cube, 6 th# inclination of or to or 
of or c» to &c,j that of their normals, 


1 + 

P/.. a — 

«* _ ISA 

** - e. 

V — - 1 — V 

1/2 (1 

For the form 1, J, go 

8= 173’ 40' 

5* = 6’ 20' 

For the form 1, 00 

e = 17r 52' 

5'= 8’ 8' 

For the form 1, « 

5=168" 41' 

5' =: 11" 19' 

For tho form 1, 2, 00 

$ =s ICP 34' 

5' = 18" 26' 

For the form 1, j, oc 

5=156" 48' 

S' = 23" 12' 

For the form 1, 3, 00 

5 = 153";26' 

CO 

II 

For the foim 1, 4, 00 

5=149’ 2' 

II 

CO 

For the form 1, 5, oo 

5 = 146’ 19' 

5' = 33’ 41' 


Combination of the Rhombic Dodecahedron and Sin-flaced Octahedron. 

— ^WhGn the symbol of the six-faced octahedron is 1 , m, m, and the 
form such that mn = m n. If the faces of the rhombic dode- 
cahedron ri To, &c. (Fig. 84), predomi- 
nate, the edges of the rhombic dodeca- 
hedron are replaced or bevelled by two 
planes of tho six-faced octahedron. 

When the faces ^ 4 , &c., of the 
six-faced octahedron (Fig. 85), pre- 
dominate, each four-faced solid angle 
of the six-faced octahedron is replaced 
by a plane of the rhombic dodecahedron, 

'\^en mn is greater tl&n m n, the four-faced solid 
angles of the rhombic dodecahedron are replaced by the eight-faced solid angles of the 
octaliedron. 

When mn is less than m -f- n, the throc-faced solid angles of the rhombic dodeca- 
hedron are rqdaced by the six-faced solid angles of the six-faced octahedinn. 
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If 1 , n be tlic symbol of the six-faced octahedron, $ the inclination of to or 
or of to 0 ;^ or &c., ff that of their normals, 


cos. e = 





180 - e. 


For the form 1 , J, J 

0 z= 153* 56' 

0 

CO 

II 

For tlic form 1 , f J, 61 

0 = 179* 13' 

0 ^= 0*47' 

For the form 1 , 2 

0 z= 156* 48' 

0' = 23* 12'. 

For the form 1 , H, V* 

0 = 157’ 40' 

0 ' = 22 * 20 '. 

For the form 1 , 

0=166* 6 ' 

0' = 13* 54' 

For the foim 1, 3 

0 == 160* 54' 

0' = 19* O'. 

For tho form 1, ‘ J, 5 

0 = 162* 59' 

0'=17* 1 ' 

For the form 1 , 2 , 4 

0 = 157“ 47' 

ff = 22* 13' 

For the form 1 , y , y 

0 = 155* 20' 

0 ' = 24* 10'. 

For the form 1 , V*, 4 

0 

1—4 

II 

0 ' = 24" 4V. 

For tho farm 1, J, 7 

0 = 157* r 

= 22* 50'. 

For the form 1 , 4, 8 

0 = 148* 21' 

ff = 31* 39'. 


Complicated Combinations of the Forms of the Cubical System. — 

Instances of more complicated combinations of 
the forms of the cubical system than those already 
given frequently occur; but a diligent study of 
the simple ones, already given, will enable us to 
determine readily to what form each face of tho 
crystal should be refen'ed. Tho determination of 
tho forms to which the faces of a crystal are pa- 
rallel, is technically termed reading a crystal;” 
the particular species to which each foim belongs 
is gcncroUy found by measurement of the angles 
with a goniometer. Many species, however, may 
be recognised by observing the parallelism of the 
edges of the faces to one anotW, according to 
what is called J the zone theory. This will be 
described hereafter. Fig. 86 . 

We have already given on instance of a complicated combination of forms in a 
crystal of Fluor spar. 

The simple combinations of forms already given enable us to read this crystal with 
case, and show that the faces Pj, Pj, P,, &c., are faces of tho cube ; rg, &c., those 
of the rhombic dodecahedron ; a.^ and < 13 , are faces of the twenty-four-faced trapezo- 
hedron ; b.^ an 4 ^3 of a threc-faced cube ; and e^ ^ 3 , &c., tho faces of a six-faced 

octahedron. 

It requires, however, actual measurement of the inclination of the faces to deter- 
mine the particular species of the last throe forms. 

Income works on Mineralogy, os, for instance, the early editions of^Phillips’s ^^Mine- 
ralogy,” the inclinations only of such faces are given without any reference to their 
symbols; mother works, such as the elaborate description of Mr. Turner’s collection. 
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by Levy, from which Fig. 86 is taken, the faces are indicated only by their symbols, 
and the angles are not given. 

The tables annexed to the previously described simple combinations will afford the 
student a ready means of recognising the species of tlie forms from the angular mea- 
surements given by Phillips j or of supplying those measurements to the crystals 
described by Levy. 

The faces a „ arc marked in Levy’s figure ; hence, they are faces of a 
twenty-four-faced trapezohedron, whoso symbol is 133 (sec symbols of this figure, 
p. 305). 

The faces K are marked «* in Levy ; they -are faces of a threc-faccd octahe- 
dron, whose symbol is 112 . The faces 6 ^ ^r. arc marked i = 5^, and am 

faces of a six-faced octahedmn, whoso symbol is 1, 2, 4 (sec p. 315). 

The inclination of the face P 5 to any of the faces >*4 r- »v, or is 135" (p. 316). 

The inclination of P;j to ^3 is 154'' 46', and of P-, to or lO?"* 33' (p. 317). 

The inclination Pj to 5., or 63 is 131’ 49', and of P;, to 5i, is 109’ 29' (p. 316). 

The inclination of P 5 to C 4 or is 150’ 48', to or is 115’ 53', and to or e.,, 
102’ 36' (p. 319). 

The inclination of to or c^y or of to or e^y is 157’ 47' (p. 325). 

The above is sufiicient to show how the inclinations of the faces of a crystal to each 
other may be determined from a knowledge of their symbols. 

Sphere of Projection. — If we suppose the cube in which each of the forms 
of the cubical system have been inscribed, placed in a sphere, whoso centre shall 
coincide with the centre of the cube ; then, if lines be drawn perpendicular to the 
faces of each form from the centre of the sphere, and produced till they cut the surface 
of the sphere ; the points where they cut the sphere will serve as indications of the 
faces to which they are perpendicular, or to which, in mathematical language, they arc 
the normals. These points ore colled the poles of the faces of the crystal to which they 
are pcipendiculor. A map of all the forms which we have hitherto described may thus 
be indicated on a globe ; and since the inclination of the normals to any two planes is 
always the inclination of the faces, less 180’; a globe, with the polos of the feces of 
aU the forms of a crystalline substance described on it, will enable us speedily to deter- 
mine the inclination of any one face to another, by simply measuring the distance 
between their poles, and subtracting this from 180’. 

This method of mapping crystals was invented by Professor Neumann, of Konigs- 
berg. 

Zones. — In the combinations of crystals, it frequently occurs that some edges arc 
parallel to one another ; instances of this wiU be seen in Figs. 58, 59, 64, 65, 70, 71, 
and many others. The poles of the faces, whose intersections ore parallel to each other, 
all lie in a great circle of the sph^ of projection — a great circle being the mtersection 
of a plane passing through the centre of the sphere and its surface. When three or 
more faces of a crystal have their poles in the some great eireley they are said to form a 
and the great circle is called a zone circle, 

Maps of Cvystals.'— A map may be drawn on a plane surface, representing the 
sphere of projection, ^th the poles of all the faces df a crystaL Such maps, when 
understood, convey to the mind a vast degree of infermation relative to the inclinations 
of the faces, which could not otherwise be represented, solve many problems in crys- 
tallography, and exhibit the position of the most important zones. Fkofessor Miller, 
of Cambridge, has inserted an exceedingly valuable series of these maps of crystals in 
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the last edition of Phili^a’B mmoralogy. The authors of the present treatise take this 
opportunity of expressing their obligation to Professor Miller’s work, to which they 
would beg to refer all those who would wish to master the science of crystallography. 

The BUreographic projection of the sphere, in which the eye of the observer is sup- 
posed to be placed on the surface of the sphere in the pole of the great cirdc upon which 
the sphere is projected, is that generally made use of for these maps. It possesses this 
advantage : all circles on the sphere arc represented on the map by straight lines or 
arcs of cirdcB. 

map of the principal Zones of the Cnbieal Systeai.— With P^ as a ccnti*e, 
and a radius P^ P2 of any convenient 
length, describe a circle P.^ P3 P4 P^. 

Through Pi draw the diameters 
P;, P5 and Po P4 pcq)cndicular to each 
other. 

With P5 as a centre, and radius 
equal P, or P-, P4, describe the 
arc Pi Py, cutting P3 Pi in r.y 

With P3, 1 \ and P4 as centres, 
and radii equal to the fotmer, de- 
scribe similar arcs, cutting Pj P5 in 
ri, Pi P4 in r3, and Pi P.^ in r^. 

Let Oi O3 O3 0 i bo the points 
where these arcs intersect each other. 

Join P, 0 |, Pi O.j, Pi 0 ;j, Pi O4, 
and produce them to cut the circle 
P.j P3 P| in the points r,. r-j and »v 

Figure 87 , thus described, is an 
orthographic projection of the sphere, 
representing a hemisphcro’with the principd zone circles oi the cubical system. 

P„ Pj, P3, P4, and Pj, arc the poles of the faces of the cube, indicated by the same 
letters in the preceding figures ; 0i 0.^ 03 04 the poles of the octahedron ; 9*1 r2 9 v 
poles of tlie faces of the rhombic dodecahedron. Pi 9’j^ 9*1 P.^, Pg ^5, and the similar 
lines and arcs, represent arcs of great circles 45 ° in length. 

If the north pole on a globe be chosen as the pole of P^ the equator will represent 
the circle Po P3 P4. Let Pj be tlys point where the first meridian of longitude. Pi P31 
cuts the equator ; then P4 will be t^ point where the meridian of 180 '’, and P3 and P5, 
the points where the meridians of 90 ’ east and west longitude, cut the equator. 

Let rj 9*2 9*3 ri bo the points where the circle of latitude of 45 ° cuts these meridians ; 
^5 ♦*6 ^7 ^8 points in the equator equidistant from P2 P6, &c. Draw great circles passing 
through Pi 9*3, P5 9*1, Pg intersecting in Oj, and similar circles for the other octants of 
the sphere, and the map Fig. 87 will be described on the globe. If such a map be thus 
delineated on a blaek globe, or one of slate, an approximation to the angles given 
intha description of the frees and their. combinations, in the previous part of this 
treatise, may bo made, — particularly when the poles of other forms arc marked 
on the globe by methods which will be, presently described. The arc Pi P2, 
measuibd by the brazen mftridSfi.ny or by the flexible brass meridian usually sold wilh 
globes, will give the mdinaiicm of two adjacent frees of the cube ; the d is ta nce between 
Ti T4, similarly measured, the induBation of tiio normalsof two a^acent fiMesof the 
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rhombic dodecahedron ; 02 that of the normalsi of adjacent faces of the octahedron ; 

Pi 0i of the noimols of the fkces of the cube to that of the octahedron, represented by 
those letters ; r| 0^ of the rhombic dodecahedron to the octahedron ; and so on. 

The great circles represented in Fig. 87 by the lines P2 P4 and P3 Pa, and by the 
circle P^ P3 P4, are the zones in which the poles of the four-faced cube always lie, one 
polo lying in each of the arcs represented by tiio letters P and r, and at the same 
distance from P in each arc. 

The poles of the four-faced cube lie, therefore, in the zone circle passing through 
the poles of the cube and rhombic dodecahedron. 

The poles of the twenty-four-faced trapezoJwdron always lie in one of the arcs 
terminated by the letters P and o, one in each. Thus one polo u'ill lie in Pj Oj, one 
in P« ©1, one in 0^ Pa, &c., and each polo will be at the same angular distance in those 
arcs from Pj P2 Pg» 

The poles of the three-faced octahedron always lie in the ares terminated by the 
letters 0 and r, one in each. The poles, therefore, of every form of the twcnty-foiu-- 
faced trapezohedron and three-faced octahedron lie in zones, which pass thrbugh poles 
of the cube octahedron and rhombic dodecahedron. 

The poles of the six-faced octahedron never lie in any of the zones repre- 
sented in Fig. 87 . They always lie within one of the spherical triangles Per, one in 
each triangle, and similar situated to its angular points. 

The above facts will be seen more clearly by a reference to Figs. 89 and 90 , in 
which the letters «3 represent the poles of a twenty-four-faced trapec^hedron ; 
by^ b» ^3, those of a three-faced octahedron; e^ c.^^ &c., those of a four-faced cube; 
^e> those of a six-faced octahedron. 

Describe a square (Fig. 88), B5 Bg B, Bg, about the circle Pj Py touching 
it in the points P2 P3 P4 and P5, 

Join P3 P5, P2 P41 Bg Bg, and B7 
Bg ; the last two cutting the circle 
in the points rg, r^, r-, and rg. 

'With Bg as a centre and radius 
equal By ^5 or Bg ^7, describe the 
arc y7 r^ ra* cutting Pj P3 uj n , 
and P^ P3 in Vy, "NVi^ B.-,, Bg and 
B7 as centres, and with the same 
radius, desciibe the arcs rg rg rg, 
r7 1-3 Tfi, and r^ fg. 

The points inchoated by the 
letters P and r will represent the 
same poles as in Fig. 87 . Each 
arc 80^ as r7 r2 r, will rq)re- 
sent the half of a zone circle, in 
which all the poles of the six- 
fBLced octahedion whose symbols 

arc of the form 1, — , n will 
. n — ■ 1 

lie. 

The six^fcced oct^diedions 1, |y 3 ; 1, |y 4 ; and 1, Hy 64 , fulfil thb oonditi0n. 

*When we mert with the edges of the rhombic dodecahedron bevelled by planes of 
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the sLx-faced octahedron, as shown in Fig. 84; we know that the poles of the six-faced 
octahedron lie in this zone, and must have its symbol of the form 1 , 

Draw the arcs P 3 r^, P 3 and P 3 r^, as in Fig. 88 . Let «i be the point where 
» 3 9\ cuts Pi re, that where rj cuts rg Pj, and ^3 that where rg cuts P 3 

a I <73 will be poles of the twenty-four-facedtrapezohedron whoso symbol is 1 2 2 . 
These lie in the same zone as those of the six-faced octahedi'ons whose symbols aio of 


the form 1 , 


n — i’ ' 


When, therefore, the intersections of the rhombic dodecahedron with a twenty-four- 
faced trapezehedron make parallel edges, os in Fig. 80, we .know, without measwing 
its angles, that the trapezohedron is that whose symbol is 1 2 2 . 


To Determine the Doaition of the Polea of the Facea of the Different Fomna of the Cubical 
Syatem on tlie Sphere of Projection. 


The Ticenty four faced Trapezohedron. — ^Tho. angles marked 0 ' imder the article 
“ Combination of Cube and Twenty-four-faced Trapezohedron,” page 317, will give the 
circle of latitude which will cut the zone Pi r^ in a^ (Fig. 
89) for each form of the trapezohedron, and the angle 
0 ' the circle of latitude, which will cut the zones P 3 r^, 
and P 3 rj, in a.^ and reckoning each circle of latitude 
from Pi as the north pole. Thus, for the form 1 , 2 , 2 , Oi 
is the point where the circle of latitude 35® 16' cuts Pj r^, 
and ffa and % the points where tho circle of latitude 
65® 54' cuts r^ P3 and P3. 

Three poles may be similarly described in each of the 
other octants of tho sphere, and thus tho poles of the 
twenty-four faces of the trapezohedron may be placed on 



tho sphere of pr^ection. 

The Threefaced Octahedron . — ^Under the article “ Combination of Cube and Thrcc- 
faced Octahedron,” page 316, gives tho circle of latitude for each particular form of the 
three-faced octahedron which cuts tho zones r| P3, and ^ P 3 , in the poles b^ and 5^, tj/ 
the circle of latitude which cuts the zone P^ in b.^. 

By rojsans of tho angles $ and the poles of all the b 
known forms of tho thrcc-foccd octahedron may be fixed 
on tho sphere of prqfeetion. 

The Four faeed Cube . — Under the article Combination 
of Cube and Four-faced Cube,” page 318, 6t gives the 
circle of latitude which cuts the zones Pi P 2 and P^ P 3 in 7 ; 
the poles of the four-faced cube and Cg, and tho circle 
of latitude which cuts the same zones in the poles and 
^ 4 ; tho poles Cs and Cq are distant irom P 3 and P 3 
respectively G' degrees in t^e zone P 3 P 3 . 

Wo can thus determine the position of the poles of all 
the known forms of tho four-faced cube on the^ sphere of 2 )rojection. 

Th9 Six faeed Oetahedron . — ^The following table wil^ enable us to fix the poles of the 
six-fheed octahedron on the sphere of projection, considering Pi (Fig. 90) as the north 
pole. Pi P 2 the first meridian of longitude, and P 3 P 3 tho equator : — ^ 
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For tho form 1 , Latitude of pole = A5'*. 

Longitude of = 36^ 52'. 
Latitude of pole = 55® 33'. 

Longitude of = 30® 58'. 
Latitude of pole i= 64* 54'. 




Longitude of 6^=: 88* 

39'. 






For the form 1, 

M.64, 

Lat. 

zz 44* 33'. 

Lat. 

e.,=i 

45* 27'. 

Lat. 

^:i = 

89* 

22'. 



I.on, 

. r,= 0° 55'. 

Lon. 


0* 54' 

lion. 

ft, zz 

44* 

33'. 

For the form 1, 

#,2, 

Lat. 

Cl = 42^ 2'. 

Lat. 

^2 = 

56* 9'. 

Tiat. 

<?3 = 

68* 

12'. 



Lon. 

<Ji = 33*41. 

Lon. 

e,= 

26* 34'. 

Lon, 

.fti = 36* 

62'. 

For the form 1, 

ii. V, 

Lat. 

Cl = 41* O'. 

Lat. 


56* 24'. 

Lat. 

e, . =z 

69* 

23'. 



liOn. 

Cl = 32* 28'. 

liOn. 

C.,=Z 

25* 1'. 

J.ion. 

^3 = 

36* 

15'. 

For the form 1, 

i.4, 

Lat. 

Cl = 38* 20'. 

Lat. 


53* 58'. 

Lat. 

ftjZZ 

78* 

41'. 



Lon. 

Cl =z 18* 26'. 

Lon. 

, €, = 

14* 2'. 

l^on. 

«3 = 

36* 

52'. 

For the form 1, 


Lat. 

Ci = 36* 42'. 

Lat. 

Aj = 

57* 41'. 

Tiat. 

e.i = 

74* 

30'. 



liOn. 

Cl = 26* 34'. 

I.on. 

Co = 

18* 26'. 

Lon. 

«i = 

' 33 * 

41'. 

For the form 1, 

J. 5. 

Lat. 

Cl z= 32* 19'. 

Lat. 

es = 

59* 32'. 

Lat. 

C.j = 

80* 

16'. 



Lon. 

Cl = 18* 26'. 

Lou. 

c., zz 

11* 19'. 

JiOn. 

ei = 

30* 

58'. 

For the form 1, 

2,4, 

Lat. 

Cl = 29* 12'. 

Lat. 

C.t ssz 

64*7'. 

Lat. 

^3 = 

77’ 

24'. 



Lon. 

Cl = 26* 34'. 

Lon. 

c„ 

14* 2'. 

Lon. 


26* 

34'. 

For the form 1, 

V, V, 

Lat. 

Cl = 27* 56'. 

Lat. 

c^ = 

66* 19'. 

Lat. 

<•3 = 

76* 

3’. 



Lon. 

Cl = 30* 58'. 

Lon. 

. C.^ 

15* 15'. 

Lon. 

^3 = 

24’ 

26'. 

For the form 1, 

V,4, 

Lat. 

Cl =r 2'J* 45'. 

Lat. 

«2 = 

67’ 00'. 

Lat. 

^3 = 

77’ 

6'. 



Lon. 

Cl = 29* 45'. 

Lon. 

. C., .= 

: 14* 2'. 

Lon. 

C 3 — 

23* 

38'. 

For the form 1, 


Lat. 

Cl =z 24* 19'. 

Lat. 


67’ 1'. 

Lat. 

c^sz 

82* 

31'. 



Lon. 

Cl = 18* 26'. 

Lon. 

«t= 

8*8'. t 

]jon. 

^3 = 

23* 

12'. 

For tho form 1, 

4,8, 

Lat. 

61 = 15* 37'. 

liat. 

e., s 

76* 4'. 

Lat. 

C3ZZ 

83* 

5'. 



Lon. 

(?, = 26* 34'. 

Lon. 

6 , 

6’ 23'. 

Lon. 

ft> = 

14* 

2'. 

The latitudes 

of the poles 

and S 4 (Fig 

. 90) 

arc the same respectively 

as those of 


e., and e -^ ; and the longitudes of and are respectively 45* greater than those of 
and ^ 3 . 

Hemihedial Fonns of^the Cubical System.— It has been already observed 
(page 294) that, with the exception of the cube and rhombic dodecahedron, another 
scries of forms may be derived from the forms of tho cubical system which we have 

described, by producing half their faces to meet 
one another after ccilain laws. Those forms, 
from the method of their derivation, arc called 
hemihedraly or half-faced. We ^all proceed to 
describe them. 

The TetiahedFOii.—irwo describe a cube 
(Fig. 91) as directed in page 296, the figure 
whose outline is bounded by the lines A 4 A^, 
^ 1 % -A-a A;, A 2 Aj, (Fig. 92) A^ Ay, 
will be a tetrahedron, formed by the develop- 
ment of the faces of Ihe octahedron opposito to 
Ihe angular points A^ A 3 Aq and A^ ' of the 
cube. This is called the positm Utrahedron, 
Another tetrahedron, A^ A 3 A^ Ag (Fig. 93) may be formed by the development of the 
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faces of the octahedron opposite to the angular points A, A* A 5 and A, of the 
cube. This tetrahedron is precisely similar to the former ii magnitude, but differs 




Fiff- 92. Fig. 93 . 

from it ill its position with rcgai'd to the cube in which is is inscribed. It is called 
the ntgaihe tctrahtdmi, AVith some forms, the combinations of the positive tetra- 
hedron arc different from those of the negative tetrahedron. 

J^aces^ Angles^ IMges^ — The tetrahedron is bounded by four similar and C(][ual 
plane faces, such as Ag A^. (Fig. 93), each of which is an equilateral triangle. It has 
four thrce-faced solid angles^ which touch the alternate three-faced solid angles of the 
cube in which it is inscribed ; six egual edge’iy one of which corresponds with one 
diagonal of the face of the cube, for every face ; the euhical axes join the centres of the 
opposite edges ; one half of each odrahedral axis coincides with that of the cube, while 
the otlior half is cut by a face of the tetrahedron at a third of its distance from the 
centre. The adjaccnt|||icc 3 of the tetrahedron arc inclined to each other at an angle of 
70^ 32', and their normals consequently at an angle 109'' 28'. 

^gmhoh . — The symbol for this fonn is Naumann's symbol for the tetrahedron 
is - ; Miller’s, ic 111 ; frequently the same symbol is used as for the octaliedron, only 
intimating that it is a hcmihcdral form. 

To describe a net for the Tetrahedron which may he ^iserihed m a given cube. 

Draw a line A 4 Aj (Fig. 94) equal to the line A 4 A 5 (Fig, 91) ; on this describe an 

• Hf-gs, 

equilateral trianglo A| A 4 A 5 . This will give a face of the tetrahedron. 

Four such faces, arranged as in Fig. 95, will form the required net. 
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CryBtah of the following mimrds have faces parallel to the Tetrah^ron, 

Blende (suipburct of zinc). Eulytinc (bismuth blende). Ubodizite. 

Boracitc. Fahletz (gray copper). Teiinan’ite. 

Diamond. Pbarmacosiderite (arseniate of iron). Triiouitc. 

Twelye-faced Tiapezohedxon.— Tho twelve-faced trupezohedron is the honiilic- 
drnl form of the three-faced octahedron. It has been called also the deltoidal^ or the 
trapezoidal dodecahedron. 

As there are two tetrahedrons, one positive and the other negative, so there arc two 
twelve-faced trapezohedrons— the positive one, Fig. 96, and the negative, Fig. 97. 

The positive trapezohedron is formed by the development of the faces of the tlucj. - 
faced octahedron, forming its tbrec-fuced solid angles opposite to the edges Aj A.. Ag 
and Ag of the cube (Fig. 34, p. 303) ; the negative trapezohedron by the dovclopiiiLiit 
of the solid angles opposite to the edges Aj A 4 A^ and of the cube (Fig. 31). 

These trapezohedrons are in all respects similar to each other, except in their i)o.si- 
tion with respect to their ckciimscribing cube, and their combinations with other forms. 




Faces, Angles, Edges,’— The twelve-faced trapezohedron is bounded by twelve similar 
and c(xual trapeziums, such as Pi Oj P 5 (Fig. 96), having the edge P j equal 

Pa ^ 4 , and Oi Pa equal Oj Pj. It has four three-faced solid angles which always lie in 
the octahedral axes of the ^jubc, such as Oj, O 3 , Og, Oq (Fig. 96), four ihrec-faved 
solid angles K, b^, b, (Fig. 96), more acute than the former, wdiich lie on opposite 
sides of the same octahedral axes ; and six four-faced solid angles, which always lie in the 
extremities of the cubical axes P 3 P 4 
(Fig. 96). There are twelve shorter edges 
joining the ' solid angles marked P and 0, and A 
twelve longer joining the solid angles indicated 
by P and B. 

1 \ flt 

Sgmbols,— The symbol for this form is 

Naumann's is ; MiHcFs K,hhlc, 

To draw the Twelve-faced Trapezohedron.— 

Make the same construction as for Fig, 33, 
page 808, and add the following, as in Fig. 98. 

The letters B;) and C have been omitted in Fig. 98 ; they may easily be supplied by a 
reference to Fig. 33. 
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In Bj Aj tako a point H, such that B^ H =: — A,. 


Thus if » = 2 Ba II = 

Take C K in C Pi cf^ual to Bj II. Join H Kj cutting C in 

Through draw hi h.^ parallel to Aj A, cutting C Ag in hy^ and‘*5| parallel to 
Aj A4 cutting C Ai in ; and so on till the cube A„ &c. Ag, is described as shown 
in Fig. 98. 

Joining the points Pi, Pg, &c., Pg, 0^ Og, &c., ^4, &c., as in Fig. 96, the positive 

trapezohedron will bo described ; and joining 1\ Po, &c., Pg, Og O4, &c., h^ ig, &c., as in 
Fig. 97, the negative trapezohedron. 

udxes , — ^Thc cubical axes terminate the opposite four-faced solid angles, and coincide 
with those of the cube. One half of each octahedral axis is cut b}** a three-faced solid 


angle at a distance C Oj = ^ v j centre C, and tlie other half by the other 

^ “T li 

threc-facc3 solid angle at a distance Gb ■= - — ^ from C. 

As n varies from 1 vrhen this form coincides with tetrahedron to 00 when it coincides 
with the rhombic dodccahc^n, C 0 increases from a ^rd to J of C A, and C b diminishes 
from C A to ^ C A. 

Inelimtion of Faces o f the Tivelve-faeed Trapesohedrou , — If 0 be the angle of inclina- 
tion of two adjacent faces, over an edge P b, and ^ the angle over the shorter edge P 0, 

COB.e = rJ^; 

2 -4- 1 ^ 2 4- 1 


To Describe a Xetfor the Twelve-faced Trapezohedron^ which may be inscribed 
• in a given Cube, 


Describe the figure Aj Pj CB5 (Fig. 99) the same as A. Pj C B3 (Fig. 35) page 303. 
Take C K and H Bj, both = CP,. 

Join A] C and II K, cutting in b and then join Pi h. 


I 




* Let P | 0i Pg (Fig. 100) be the same triangle as Pj Oi Pgi Fig* 36, page 304. 

On Pj Po as a base describe an isosceles triangle Pj b P3 (Fig. 100), haying each of 
its sides Pj 5g, P, 5, equal Pj 5, Fig. 99. 
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Twelve Bach figures as 0^ Pj b Pg, arranged as in Pig. 101, will give the required 
net. 

112 20 

Form of the Ttvelve-faced Trapesohedron,—Tho form ^ y* Naumann ; k. 122 

Miller ; has CO = § CA, and Gd = 4 GA. Inclination of faces over P^ 90' that of 
their normals 90® ; over the edge PO 152'’ 44', that of their normals 27® 16'. 

Faces of this form occur in Blende, Diamond, and Pharmacosidcrito. 

The form Naumann ; #c.233 Miller ; has CO sas | CA and C5 = J CA. In- 

clination of faces over the edge P5 82® 9', that of their normals 97® 51' ; over the 
edge PO 162® 40', that of their normals 17® 20'. 

Faces of this form have boenohserved in Fahlcrz. 

The Thzee-Faced Tetrahedron.— The ihrec-faced tetrahedron has three faces 
corresponding to each face of thc> regular tetrahedron ; it is colled also the trigonal 
dodecahedron^ triahiatetrahedron^ pyramidal tetrahedron, and by Ilaidinger kuproid. 

This form is derived from the twmty^four-faced trapezohedron by the defclopmont 
of half its faces. The faces forming the three-faced solid angles 0^ Og, &c., opposite 
the solid angles Aj Ag Ag and Ag of the cube (Fig. 39, p. 305), producing the positive 



three-faced tetrahedron A.^ Ag A5 A, (Fig. 102) ; and those opposite .the solid angles A, 
Ag Ar and A5 (Fig. 39), the negative three faced tetrahedron A^ Ay Ag Ag (Fig. 103.) 

These three-faced tetrahedrons arc, in all respects, similar, except in their position 
and consequent modification of their combinations with other forms. 

Faces, Angles^ amd Edges — The three faced tetrahedron is bounded by twelve equal 
and similar isosceles triangles. It has fmr three faced solid angles, 0^ 0^ &c., opposite 
the alternate three-faced solid angles of the cube in which it is inscribed, and four six- 
faced solid angles A, Ag &c., which touch the other alternate three-faced solid angles of 
the cube. The edges arc twelve shorter AO, AO, &c., joining the three-faced and six- 
faced solid angles, and six longer AA, AA &c., each lying along a diagonal of a face of 
the cube, and joining the six-faced solid angles together. 

SymboUr^llhie symbol for the three faced tetrahedron is Naumonn's is ; 

and MilleFs nMh 
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To draw tho Three^faetd Td^A«<2rofi.----l)e8cribe the same figure as directed (Fig. 
39, p. 305), for drawing the twenty-fowr-faeod 
trapesohedron. 

Join the points A4 0^ A5 A^, &o., as diown 
in Fig. 102, for the positive throe-faeed tetrahe-- 
dron, and the points A^ Aa 0.^ O4 Aa O5, &c., as 
ifiiown in Fig. 103, for the negative three~faeed 
tetrahedtim, 

. .Jaes^—Tho cubical apes join the centres of 
the opposite longer edges of the three-faced 
tetrahedron; one half of each octahedral axis 
coincides with that of the cube, and the other 

half, as CO is the — 2^^ part of CA. 

Inclination of adjacent Faces. — If 0 be the angle of inclination of two faces over one 
of the longer edges, aa Aj Aj, and ^ over one of the shorter edges as OA, * 



Cos. e z= 


— 2 


cos. 0 


_ 2w + I 


' m* + 2 ^ w-* + 2 

Limits of Form. — As m Increases in value from 1 to 00, this form varies from that of 
the tetrahedron to that of the cube, and CO increases from the Jrd to the whole of CA. 

To construct a Net of the Three faced Tetrahedron which can he inseribed in a given 
Cube. — Draw a face K4 0^ (f’ig. 105), of the twenty four faced trapezohedron from 
which the threefaced tetraJwdron is derived, as described in Fig. 42, p, 307. 




Through draw .^4 ^3 perpendicular to Pj 0^. 

Produce 0^ II4 td'mcet P^ A4 in A4; and Oj Rj to meet Pj Ag in Ag. Then the 
isosceles triangle 0^ A4 A2 will be a face of the required three faced tetrahedron ; and 
twelve such faces, arranged as in Fig. 106, will form the required net. 

Forms of the Three fewed Tetrahedron,' -The form I^aumann, k. 112 

Miller; has CO = J CA. Inclination of faces over the longer edge AA 109® 28’, that 
of their normals 70® 32' ; over the shorter edge OA 146® 27',. normals 33® 33' 

This form occurs in Boracite, Eulytinc, Fahlerz, and Tcnnantite. 

Tho fonn — , Naumann, a. 113 Miller, baa CO = 4 CA. Indinatioii of &ccb 
2 2 

over the longer edge AA 1 29® 31', that of their normals 50® 29' ; over the shorter edge 
OA 129« 31', that of their normals 50® 29'.— This form occurs in Blende and Fablers. 

The form LUi) Naumaim, jc. 223 Miller, has CO =; f CA. Inclination of 
2 2 
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faces oyer the longer edge AA, 93’’ 22', that of their normals 86^ 38' y oyer the shorter 
edge OA, 160' 15', that of their normals 19'' 45'. 

This form occurs in Tennantite. 

Six-faced Tetzahedfon. — ^Thc ^ix-faced tetraJiedrony called also the hexahis^ 
ietralkedrtm^ and by Haidinger boraeiioid^ is a hemihcdral form deriyed from the 
six^faced oetahedrony by the deyclopment of the faces constituting four of its solid six- 
faced angles, opposite tlic alternate solid angles of the cube in which it is inscribed. 

Thus, if the faces constituting the six-faced solid angles 0| O3 Oe Og, opposite the 
angles Ai A5 Ag Ag (Fig. 50, page 311), of the cube, be produced to meet one another, the 
resulting figure is the positive six-faced tetrahedron (Fig. 107). [If the faces of the solid* 



Fig. 107. Fig. 108. 


ngles O4 O3 O3 O7, opposite tho angles A3 A4 A3 and A^ (Fig. 50) of the cube bo pro- 
duced to meet, the resulting figure will be the negative six-faced tetrahedron (Fig. 109). 

jPare^, Solid Angles^ and The six-faced tetrahedron is bounded by twenty-four 

equal and similar scalene triangles, such as Oj ^4 (Fig. 107). It has four six-faced 
solid angles 0^ Og, &c., which are the same as those of the sixfaced octahedron fri>m 
which it is deriyed ; these always lie in the octahedral axis of the cube in which the 
figure can be inscribed. The four six-faced solid angles ^4, &c. more acute than the 
former, always lie in the octahedral axes of the cube, but on the other side of the 


centre of the figure irom the former ; thus each octahedral axis, as A^ A7 (Fig. 50) of 
the cube has one six-faced solid angle, such os 0^, on one side of its centre G, and on 
the other side a more acute six-faccd solid angle 5;. There are six four-faced solid angles^ 
F2, &c., Fg, which terminate the cubical axes, and touch the c^be in which tho figure 
is inscribed in the centre of each fiicc. It has twelye shorter edges joining the four- 



faced solid angles with the obtuse six-faced solid 
angles, sudfa^^as Pj 0^ (Fig. 107) ; twelve inter- 
mediate joining the four-faced with the acute 
six-faced solid angles, such as P^ ^4; and twelve 
longer joining the acute and obtuse six-faced 
solid angles, such as 0^ 

To Draw the Six-faced Describe 

a cubo Aj A3 A3 &c., Ag (Fig. 100) ; draw its 
octahedral axes, and in it inscribe a cubo 
O2 Og &c., Og, as directed in Fig. 50, page 

311, such that 0| Og = i- . _ 
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The letters D and F| having thp same position in Fig. 109 that they have 

in Fig. 50, make the following additional construction. 

In Aj take a point E such that, 


B,K = 


1 + - — ^ 

m n 


In GPi take GH = B^ K^. Join HE cutting CA^ in 

Through draw* b^ b,^ parallel to A| A.^ and meeting GAj in b.j^ and b^ parallel to 
A^ A 4 meeting GA 4 in ^ 4 , and so on, till a cube 5^ b^ b.^^ &c., b^ is inscribed in the cube 
A^ A.J, &c., A, haying €5.^, &c., Cdg for its octahedral axes. 

Join the points Pj Oj bj^ &c., as shown in Fig. 107, for the positive six-faced tetra^ 
hedrm, and Pj Oj &c., as in Fig. 108, for the negative six^faced tetrahedron. 

Symbols. — The symbol for the six^ faced is ^ Naumann’s 

and MillcFs kMI. ’ 

Axes of the Sixfdeed Tetrahedron. — The cubical axes join the opposite four-faced 
solid* angles, and the octahedral axes join the obtuse four-faced solid angles to the 
acute four-faced solid angles opposite to them ; the former at a distance equal to tlie 

- ~ ^ -th part of the extremity of the octahedral axis from the centre, and the 

latter at the ^th part of that distance. 

M n 

Inclination of the adjacent faces . — ^If 0 be the angle of inclination of two adjacent 
faces over the edge PO (Figs. 107 and 168), joining the four-faced and obtuse six-faced 
solid angles, 

1 + ^ 

1-1 ^ mn 

If ^ be the angle inclination over the edge Ob, joining the obtuse and acute six- 
fjiced solid angles, 

^ m ' fir 

Gos. ^ i 

1 4. -L + *- 

* • <1.3 • m 3 


If 4 be the angle of inclination over the edge Vb, joining t^c four-faced and acute 
six-&ced solid angles, ' 

1 — — 

c«». + = 

limits of the form of the six^faced tetrahedron. — ^As m and n approach in magnitude 
to unity, the eix^faeed octahedron approidmates to the tetrahedron ; and when m and n 
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are both equal to unity, it becomes the tetmliedron. In this ease the six faces fomiing 
the obtuse six-faced solid angle, as well as the edges FO and 0^, aU lie in the same 
plane ; and the edges, such as Pj ^4 and P^ in the same straight line. 

As m and n increase in magnitude and equality to each other, the six-faced tetrahe- 
dron approximates to the enhe ; and when m and n are both infinitely great, it coincides 
with it. In this case the four planes which form each four-faced solid angle lie in the 
same plane. 

As m approaches to unity, while « increases in magnitude, the six-faced tetrahedron 
approximates to the rhomhie dodecahedron ; and when m equals unity, and n is infinitely 
great, it becomes the rhombic dodecahedron. In this case the planes on each side of the 
edge Ob lie in tlic same plane.* 

When m equals unity, while n remains finite, the six-faced tetrahedron becomes the 
twelve-faced trapezohejlron ; and the faces on each side of the edge Oi lie in the same 
plane. 

When m and n are equal to each other, both finite and greater than unit j, the six- 
faced tetrahedron becomes the three-faced tetrahedron^ and the faces on each side of the 
edge PO lie in the same plane. 

When m remains finite, and n becomes infinite, the six-faced tetrahedron becomes the 
four- faced cube^ and the faces each become equal and similar* isosceles triangles. 

From the above it will bo seen that the enbe^ rhombic dodecahedron^ and four-faced 
enbcy arc limiting forms of the hemihcdral form, the six-faced tetrahedron. 

To describe a Net for the Six-faced Tetrahedron which may he insadbed in a given Cube, 

Draw A4 Pj C (Fig. 110), intersected by Aj C and ED, meeting in 0^, as directed 
for Fig. 52, page 313. 

Take CH = ^ -y ?, C. 

1 + - - i 

m n 

Make B5 K = CII. Join KH, cutting Ai C jn b^. 

Join Pj O4, Pj ij. 

Produce Aj B5 to A^ and P4 C, to P*. Make B5 As= A4 B^, C P6=Pi 0. 

Take B., E' = B, F and C D' = C D. 

Join E' D', Aj P,. 




Join by O 5 , * ■* 

Then Fig. Ill, draw 5 e == ^4 O 5 of Fig. 110 , and on it describe a triangle F 5 a, 
haring the side P 5 = P| 5|, and die side P 0 = Pj O 4 of Fig. 110 . 
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. Then V b 0 (Fig. Ill), is a face of the iix-faeed Utrahedron required, and twenty- 
four such faces arranged, as in Fig. 112 , will givo the required net. 

Forma of tho six-facod Tetrahedron.’--ThQ form Naumann,'' and 

K, 5, 3, 1 Miller, is the only one which has been observed in nature. 

Its obtuse six-faced angles cut the octahedral axes of the cube at a distance 
and its acute six-faced angles at a distance =-i^ of the centre, from the extremity of the 
octahedral axis. 

e = 152* 20 ** = 152* 20', and = 122* 53'.; 

Faces parallel to this form have been observed in crystals of horacite* 

Hemihedzal Forms with inclined Faces. — The preceding hemihedral foims 
which we have considered, may be referred to the tetrahedron as their type, and 
may all be derived, as wo have shown, from the six-faced tetrahedron ; none of these 
forms have a face parallel to any otlicr face of the same form. There are two hemihedral 
forms with parallel faces. 

Benlihedral Forms with Parallel Faces.— One hemihedral form with 
parallel faces is derived from four-faced cuhoy and is a twelve-faced pentagon ; the 
other is obtained from the six-faced octahedron^ and is a twenty-four faced trape:xihedron. 

The Pentagonal dodecahedron. — ^Tho pentagonal dodecahedron^ colled also the 
pyritoidy has twelve pentagonal faces, and is a hemihedral form of the four-faced cvhe 
derived from it, according to the following laws : 

The alternate faces of each six-faced solid angle Oj O 3 O3, &c., O3 (Fig. 44, page 
308), of Wio. four-faced cube, arc produced to meet each other. 

Thus the faces 0^ Oj, P 5 0^ 0-,, and Oj O 3 (Fig. 44 ), of the angle Oj, and three 
similarly situated faces of the other six-faced solid angles, produce the positive pentagonal 




dodecahedron (Fig. 113). The remaining faces O 4 Oj P 5, 05 Oj P^, and O 3 Oj P,, and those 
similarly grated to them, produce the negative pentagonal dodecahedron (Fig. 114). 

Faces, *Mlid Angles, and Edges , — ^This form is bounded by twelve equal and similar 
pentagonal faces, such as b^ 0^ b^ O 4 ^3 (Fig. 113). These pentagonal faces have always 
four of their cd^ equal to each other, the fifth, b^ b^, generally unequal to the others. 
The only case in which b^ b^ is equal to the others, is that of the regular pentagonal 
dodecahedron, which is one of the five platmie bodies ; this form has not been observed 
in natdre. 

The pewU^oned dodecadwdron has eight three-faced solid angles which always lie in the 
octahedral axes of the cube in which it can bo inscribed, 0| O 2 &c, (Figs. 113 and.114). 
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And twelve ihree^faced solid angles which do not lie in any one of the three 
species of axes belonging to the cube. They always lie, however, in a face of the 
circumscribing cube. There arc twenty-four edges (Ob) joining the three-faced solid 
angles, bounded by equal plane angles lying in the octahedral axes, with the three faced 
solid angles bounded by unequal plane angles, and six edges joining the two species of 

three faced solid angles togc^er. These six edges (bh) always lie in a face of the circum- 
scribing cube, in a lino passing through the centre of the face parallel to one of its 
edges, and the cubical axes always pass through the centre of this edge. 

Sy}nhol8,—Thxi symbol for the pentagonal dodecahedron is , Naumann’s ~ ^ 

A z 

and Miller’s ir.hko. • 

To draw the Pentagonal Dodecahedron. — ^Prick off tho points Pj P.^, &c., Pq, B., B 3 , 
&p., B^.>, and 0^ 0, O 3 O 4 , &c., of Fig. 45, page 308. 

JoiiiPjPc,P3P4,andP,P3. 

Also Bj B 3 , Bj B 4 , Bj Bg, B 3 Be, &c., 0, 0 ,, Oj O4, Ac. 

(Fig. 116). 

Along each of these lines take P| 6 ,, 1 3 6 .., &c., 

= a-l)l’,B.,(i-l)r,B^&c. 

'ilic portions b^ Bj, 63 B, are omitted in Fig. 116. 

Then joining the points by A, 6 g, with 0^ O 4 , 6 ,i' 6 r„ 

with O.-, Oj, Ac., as in Fig. 113, tho positive twelve faced 
pentagon will be delineated. The negative twelve faced 
pentagon will be drawn by joining Oi 0 .> with 64 63 and 
and 0| and O 5 with 63 6^0 &o., as in Fig. 114. 

Axes . — ^Tho cubical axes join tho centres of tho 
opposite six unequal edges; the octahedral axes join the oi)posito thrcc-faccd solid 
angles contained by equal plane angles. 

Inclination of Adjacent Faces. — If 0 be the angle of inclination of two adjacent faces 
measured over the edge hb^, and ^ the anglo of inclination of adjacent faces over the 
edge 06, then 

1 — ^ 

Cos. 6 =• and cos. A = 

1 +^ 1 +. 

Limits of the Form.—As m increases from 1 to oo, tho pentagonal dodecahedron varies 
from tho rhombic dodecahedron to tho cube. The nearer the pentagonal dodecahedron 
approaches to tho rhombic dodecahedron, or m to 1 , tlic smaller becomes the edge b b, 
till, ^yhen m = 1 , it vanishes altogether; and the greater m becomes, or the form 
approiimatos to that of the cube, the nearer tho edge 66 approaches to two, or the 
length of tho edge of tho circumscribing cube. 

To eotutruct a Net of the Twelve faced Pentagon which can be inscribed in a given Cube. 
—Tho same construction being made (Fig. 116), as directed for Fig. 46, page 309, add 
the following 

Let II bo the point where E 0| cuts B| P^. 

Take 6 in B| P,, so that B^ 6 z= ^ B| P|. . , 

Take C L = P| 6 . Join 6 L, 6 P,, tho latter catting E II in M. * 

Join L M. Take L S = L M. Through S draw S T parallel Ai B 3 ; meeting E H 
in T, and join 6 T. 
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Then (Fig. 117) draw P 0 ir: Pj Oj, Fig. 116. On P 0 describe the triangle P ^ 0, 
having its side 0 = T Fig 116, and the side P & = P^ Fig. 116. 



On the other side of P 0 (Fig 117), describe the triangle P b'\ 0 having the side 
0 = T ft, Fig. 116, and side P ft" z= P. ft. Fig. 116. 

On tlic opposite side P ft" describe the hgure P h* 0' ft", similar and equal to 
P ft 0 ft". Then ft* ft 0 ft" 0' is a face of the required form, and twelve such penta- 
gonal faces, arranged as in Fig. 118, will give the required net. 

1 2 00 00 0 2 

Forms of the Fmingoml Dodecahedron, — ^Thc form — - — , — ' — Naumann, and 

2 i 

ir. 210 Miller, has 

B = 126" ,32', and = 113" 35', 
the angles of their normals being 53" 8', and 66" 25'. 

This form occurs in ciystals of Cobaltino, Gcrsdoi-ffito, and Pyritc. 

] 3 00 oo 0 3 

The fonn — ^ Naunmnn, andir. 310 Miller, has 

B = 143" 8', and ^ = 107" 27', 
the angles of their normals being 36" 52', and 72" 33'. 

It occurs in llaudcrito and Pyrite. 

The form Naumann, w. 320 Miller, has 

B = 112" 37', and = 117" 29', 
the angles of their normals being 67" 23', and 62" 31'. 

Occurs in Pyrite. 

The form Naumann,’ir, 410 Miller, has 

2 

B = 151" 56', and ^ = 103’ 37' ; 
the angles of their normals being 28" 4', and 76" 23'. 

It occurs in crystals of Gobaltine. 

The Inegulair Twenty-finir-laced nmpeKohedion.— Called the irregular 
twenty^four^faeed trapezohedron because its trapezoidal faces have only two edges equal 
to each other, and to distinguish it from the twenty-four^faced trapezohedron^ which is a 
holohedral form^ and has its fbur edges equal to each other in pairs. This form is called 
also the Trapezoidal imUeirahedran^ the Dyakie dodecahedron^ the Diploid^ and the 
IHplopyrUoid. 
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It is dcrivod from the nx^faced octaihedron by tbe development of half its fiicc 
according to tiio following law. 

Each alternate face of tbit six- 
faced solid angle 0, (Fig. 49, 
page 311), and the siniilarly- 
situated faces of the other 
seven six-faced solid angles are 
produced, till tboj' meet to form 
the poaitice twenty-fuur-fuced 
trapezohedron (Fig. 119). The 
remaining faces, when pro- 
I’iff. liy. ducod, foim the negative twenty^ 

four- faced trapezohdrm (Fig. 120). 

Facesy Solid AngUSy and Edgia . — This form is lK)iindcd bj' twenty-four irregular 
trapeziums, such as Pi (Fig. 119), having only two sides equal, as h, andoi 

It has aix four-faced solid anglesy such as P^ P.^, &c.. Pa, which terminate the opposite 
extremities of the cubical axes, and touch the centre of each face of the circumscribing 
cube. Eight three-faced solid angleSy Oj Oj, &c., 0^,, which always lie in the octahedral 
axes of the circumscribing cube. Twelve four-faced solid angtesy &c., which do not 

lie in the cubic, octahedral, or rhombic axes of the cube. It has twelve shorter edges, 
1*1 hyy P, h.,y &c. ; twelve longer, Pj hy^y Pe hy.y &c. ; and twenty-four intermediate edges. 




^iiJ 

Symbols , — ^Tho symbol for this form is 


pi m 

, Xauraann 


L 2 J 


L 2 J 


IMiller tt, h h h 


To l)raw the Irregular Tiventy-four-fttccd Trapezohe'h'mi. ^Vi'\ck off the x>oints Pj IV> 
&C., Pft, Oj ©2, &c., ©a, & C, 
from Fig. 51, page 312, for 
the Figs. 121 and 122. Join 
C 1*1 C P.,, &c., ©i ©8 O.j, &c. 

In CPi,‘CPo, &e., CPc, 
too points ©i Cj, &c., ©,5 
(Figs. 121 and 122), such 
that 

1-J 

© © = Y C P. 

In Fig. 121, through e^ 
and ©a draw b.^, and 5, b^, parallel to^C P^ ; through Cg and ©j, b^b^, and bs b^, parallel 
to C P3 ; and through c^ and ©.„ by^ and b^ b^n, parallel to C P,. Also, in Fig. 122, 
draw *13 bu, and Jy-i parallel to C P3 ; b„ and 5ig, and b^^ parallel to C P^ ; and 
bio b._ioy b.ji bs 2 , parallel to C Po, 

1 A 

Throughout both figures take © 5 = ^ C P, for the lines parallel C Pji or 

C Po, and half that quantity for those parallel C P3. 

Join Pj ©1, b^ buy &c,y Fig. 119, for the positive tweniy-four-faced irapssokedrmy and 
^14 ^15 negative twenty •fo^r-foeed trapesohodt-on. 

Axes , — ^The cubical axes join the opposite four-faced solid angles P^ P2, &c., P,, and 




^>***4i S 3r - 
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the octahedral the opposite six-faced solid angles, and nre equal to the axes of the 
six-faced octahedron, from which the form is doriyed. 

Inclination of the Adjiuent Faces . — If B be the angle of inclination of two adiacent 
angles oyer the shorter edge P 


cos. B 


+»- 


^ the angle of inclination of two adjacent faces oyer the longer edge 


C03. ^ - 1 ^ 


1 
w- 
■ \ 
w- 


And if ^ be the angle of inclination of two adjacent faces over edge 0 h. 


cos. ifr 




Limits of the Form of the Irregular Twcnty-four-faced Trapetohedron . — ^As m and w 
approach in macmitudo to unity, the imgidar twenty- four-faced trapezoMron approxi- 
mates to the octahedron ; ahd wlicn m and n both equal unity, it becomes the'joctahcdron. 
In this case the planes constituting the thrce-faccd solid angle all lie in the same x>lanc, 
and the edges, such as P and h P, arc in the same line. 

As m and n both increase in magnitude, and finally become infinitely great, this 
fi)rm approximates to and becomes the adte. In this ease, the four x)lun(;8 forming the 
four-faced solid angles at the extremity of the cubic axes lie in the same plane, and the 
edges 0 h and ^ o in tht' same line. 

As i/» apxiroachcs to unity while n increases in magnitude, and becomes finally 
infinitely great, the form approaches that of the rhombic dodecahedron ; in this ease two 
planes, on each side one of the longer edges P //, approach to and finally bccom (3 in one 
plane, while the shortest edge, h P, becomes shorter and shorter, and finally vanishes. 
When m equals unity, while n remains finite, the form becomes the threo-faced octa- 
hedron^ and the trapczoid|il faces change from trapeziums to isosceles triangles. AVlien 
m and n equal each other, arc both finite and greater thpn unity, the irregular iwmty- 
four-faced trapezohedron becomes tho regular iwenty’fowr-faccd trapezohcdrouy and tho 
irregular trapeziums regular ones. 

AVhen m remains finite, and is greater than unity, and n becomes infinite, the form 
becomes that of tho pentagonal dodecahedron^ and the planes on each side the longer edge 
P h lie in the same x>lacc. 

From what has been said of the limits of the above form, it appears tliat each of the 
holohcdral forms of the cubical system, with the exception of tho four-faced cube and 
six-faced octahedron^ which have their own hcmihcdral fonns with parallel faces, may 
bo regarded as limiting forms of the hcmihcdral forms with parallel faces. 

As yet, the two hcmihcdral forms with parallel faces have only been observed in 
nature combined with one another and those of the holohcdral forms, with tlio exception 
of the six-faced octahedron and four-faced cuhe^ but never with any of the hcmihcdral 
forms with inclined faces. 

To^'describe a Net for the Irregular Twenty -four faced Trapozohedron. — Describe the 
same figure (Fig. 123) as directed page 313, Fig. 52, with the exception of the lines 
G R, Px R, R P, and 0| R^. 
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IRREGULAR TWENTY-FOUR-FACED TRAPEZOIIEDRON. 


TokcCN = l-i-CPiBndr,R = CN. JoinNE. 

Also take P, K = J “ P, Bj and C L = Pj K. Joia K L, cuttin^N R in h. 

Join Pj b, liet M bo the point where E Oj produced cuts C 
Join L M. Take L S in Po B^ = L M. 

Through S draw S T parallel B5 meeting E M in T, and join T h. 



IV 123. Fi}?. 124. Fig. 125. 

Then (Pig. 124) drawPO = Pj Oj (Fig. 123). On it describe a triangle P J O, 
having the side P J = Pj J (Fig. 123), and J O = T J (Fig. 123). 

On the other aide of P 0 describe the triangle P C O having the side P C = J P, 
(Fig. 123), and O (J = J T (Fig. 123). 

P J O C ■will be the face of the irregular twenty •four faced trapezohedt'oi^j and twenty- 
four such faces, aiTangcd os in Fig. 125, will form the required net. 

Forms of the Irregular Tu'inty-four faced Trapezohedron which occur in Nature , — 

The form ^ 9 Baumann, and tt 5, 4, 3 of Miller has 

ffrzlire' ^ = 129^48' i// = IQO* 3' 

Normals, whose faces arc inclined at 0, 4>, and jj/, 68® 54'; 50® 12' and 19® 57’. 
Faces parallel to this form occur in crystals of Pyritc. 

The form J, ^ of Neumann, and ir 4, 3, 2 of Miller, has 

«=:112®17' «/» = 136*^24' and = 153® 43'. 

Inclination of normals 67® 17', 43" 36', and 26® 17'. 

Faces parallel to this form occur in Linncitc. 

The form p* ^2 ^^^'imann, andw. 4, 3, 2 of Miller, has 

$ = 112® 47' <f> = 138" 45' and = 151" 28'. 

Inclination of normals 67** 13', 41® 15', and 28" 32', 

Faces parallel to this form occur in Linneitc. 

The form and w 3, 2, 1 of Miller, has 

6 = 119® 4' ^z=149’00' and + z= 141" 47' • 

Inclination of normalqftt" 37', 31" 00', and 38" 13'. ^ 

Faces paiallcl to this fom occur in Cobaltinc, Hauerite, and Pyritc. 
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The form j^-- Naumann, and w, 5, 3, 1 of Miller, has 

0 = 119^ 4' 6 = 160’ 32' and ^ = 131’ 5^ 

Tnelination of normals 60® 56', 19® 28', and 48® 55'. 
faees parallel to this form oecur in Fyrite. 

The form of Naumann, and v, 4, 2, 1 of Miller, has 

0 = 128® 15' i/> = 154® 47' and ^ 131® 49'. 

Inelination of normals 51® 45', 25® 13', and 48® 11'. 

Faces parallel to this form occur in Pyiite. 

Combination of the Cube and Tetxahedzon. — When the faces of the 
ritie P P, &e. (Fig;. 126), predominate, the alternate solid angles of the cube arc 
replaced by four triangular planes, 0 0, &c., which arc parallel to those of the 




inscribed tetra/iedron. When the faces 0 0, &c. (Fig. 127), of the ietrahedron pn;- 
dominatc, each solid edge of the tctrahcdi'on is replaced or truncated by a plane of 
the cube Pj P, &c. 

Combination of Cube and TwelTO-faced Tzapezohedxon.— When the 
faces of the cube P P, &c. (Fig. 128), predominate, the , allcniato solid angles of the 
cube arc replaced by an obtuse thrcc-faccd solid angle 5 5 5 of the trapczohcrh’on, prc> 


P 
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faced trapezoJiedron Ih h (Fig. 129) predominate, caoli four-faced solid angle of tlie 
trapczodcdion is replaced by a rbomboidal plane of the cube P F, &c. 

Combination of Cube and Thzee-fitced Tetxaliodjron.— When the faces 
of the ettbe P P, &c. (Fig. 130), predominate, the alternate solid angles of the cube are 


P 



Fig. *30. Fig. 131. 


replaced by a thrcc-faccd solid angle of the thrcc-faccd tetrahedron, presenting three 
triangular planes er a a for each solid angle replaced. 

When the faces of the ihree-faced tetrahedron aaa predominate (Fig. 131), the 
six longer edges of the thrco-faccd tetrahedron arc rejdaced by a plane of the cube P P P. 

Combination of Cube and Sin-faced Tetzahedxon. — ^AVhon the faces of 
the eut)e P P, &c. (Fig. 132), predominate, the alternate solid angles of the cube arc 
each replaced by a six-faced solid angle eee, &c., of the six-faced tetrahedron, con- 
sequently each alternate solid angle of the cube is replaced by six triangular planes. 


P 



Fig. 132. Fig. 133. 


When the faces of the six-faced tetrahedron € € € (Fig. 133) predominate, each four- 
faced solid angle of the the thrce-faccd tetrahedron is replaced by a rhombic plane 
P P, &c., of the cube. 

I 7 the preceding combinations, it will be seen by comparing Figures 126, 128 , 130^, 
and i32 with 55, 60, 62, and 66 , that half the solid angles of the cube are rcpli!ced by 
the same pianos, when combined with the hemihedral forms with'^inclined faces ; that 
dU are when combined with their corresponding holohedral forms. 


COMBINATIONS WITH TETRAHEDRON. 
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Comblaatlon of the Fosltive and HegatiTe Tetxahedxon.— In this corn- 
combination (Fij^. 134), tho four throe-faccd solid 
angles of tho positive UtraJiedron o o, &c., whoso faces 
predominate, aro replaced by triangular planes <f o', &c., 
of the negative tetrahedron. The four faces of tho 
predominating tetrahedron o o, &c., arc irregular hexa- 
gons. As the faces c/ o', &c., become larger, three 
edges of tho hexahedron diminish ; and when o* o', &c., 
becomes so great that these edges disappear, the com- 
bination resolves itself into the regular octahedron. 

This combination occurs in crystals of Blende (sul- 
phurct of zinc), Boracite, Ilelvin, and Tcnnantitc. 

Fig. 134. 

Combination'of the Tetrahedron and &hom- 
bic Dodecahedron.— In this combination (Fig. 13d), 
the three-faced solid angles of the tetrahedron are each 
replaced by a three-faced solid angl^of th(! rhonihie 
dodecahedron ; so that we have each solid angle of tho 
tctraliodron replaced by three triangular faces r r r, of 
the rhombic dodecahedron, each triangular face being 
an isosceles triangle. When the faces of tho rhomhic 
dodecahedt'on predominate, half its threc-faced solid 
angles ore replaced by triangular planes of tlio tetra- 
hedron, like those represented in Fig. 69. 



Fig. 135. 



Combination of the Tetrahedron and TwelTe-laeed Trapesohedron.— 

When the faces of the twelve-faced trapezohedron hhh^ &c. (Figs. 136 and 137), pre- 
dominate, the obtuse tlirce-faccd solid angles of the poidtive twelve-faced irapezoliedron 
arc replaced by triongulaf planes o o, &c., of the positive tetrahedron (Fig. 136), and its 




Fig. 136- 


Fig. 137. 


acute three-&oed solid angles by triangular planes 0 0 , &c, (Fig. 137), of the mpMtive 
tetrahedron. 
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When the faces of the positive tetrahedron o o, &c. (Figs. 138 and 139), predomi- 
nate, the thrcc-faccd solid angles of the positive tetrahedron are replaced by the acute 
three-faced solid angles hhh^ &c., of the positive tmlve-faeed trapezoladrm (Fig. 138), 
and by the obtuse thrcc-faced solid angles hhh<^ &c., of the negative txcehe^faeed trape^ 
zohedron (Fig. 139.) 




In Figs. 136 and 137, the faces of the tetrahedron o o, &c., are equilateral trian- 
gles ; tliosc of the trapezohedron b by &c., irregular pentagons. In Figs. 138 and 139, 
the faces of the tetrahedron o o, &c., ore irregular hexagons, and tliosc of the trapezohe- 
dron b by &c., isosceles triangles. 

Gombimtlon of the Tetzahedvon and Thxee-faced Tetzahedron.— 

When the faces of tho positive threO’^faeed tetrahedron a a Oy &c. (Figs. 140 and 141), 
predominate, tlic three* faced solid angles of the ihreC'-faced tetrahedron arc replaced by 




triangular pianos o a, &c. (Fig. 140) of tho positive oetahedrony and its six-faced solid 
angles by irregular pentagonal planes of the negative tetrahedron o a, &c. (Fig. 141.) 
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When the faces of the positive oHahedron o 0 , &c. (Figs. 142 and 143), predomi- 
nate, its solid edges are each replaced by two planes of the positive three-faced t/jra- 
hedron^ as a &c. (Fig. 142), and its three-faced solid angles by three trapezoidal 




; planes n A’c. (Fig. 143), forming the t!iror -faced solid angles of the mjatirv three- 
faced lefrahedron. 

Conbination of tbe T6tialiedxoi& and Six-faced Tetvahedxon.— When 
the faces of the six-faced tetraMron ece, At. (Figs. 144 and 14*5), predominate, tlic* 
obtuse six-fiiccd solid angles of the six-f,(r> d t:trahcdmi arc each replaced by an irre- 




gular hexagonal plane 0 0 , &c. (Fig. 144), of the positive tetrahedron ; while its acute 
six-faced solid angles are each replaced by an irregular hexagonal plane 0 0 , (Fig. 14d), 
of the net^ative tetrahedron, 

When the faces of the tetrahedron predominate, each thrcc-faccd so}id angle of the 
tetrahedron is replaced by six planes constituting the acute six-faced solid angle of the 
positive six-faced tetrahedron, or by six planes constituting the obtuse six-faced solid 
angle of the negative six-faced tetrahedron. 
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Gombinatioii of Rhombic DodeeahodEon 
ohodxon. — ^Whcn the faces of the ticdve-faced 
trapesohcdron b d, &c. (Fig. 146), predominate, the 
acute thrcc-faccd soHd angles of the three faerd 
4rapezohcdron ore each replaced by three planes of 
tlio rhombic dodecahedron r r, &c., which form 
ono of its thrcc-faccd solid angles. When the 
faces of the rhombic dodecahedron predominato, 
the allemato thrcc-faced solid angles of the 
rhombic dodecahedron arc replaced by the obtuse 
thrcc-faccd solid angles of the twelve-faced tra-* 
pezohedron. 


and T^lTO-fiaoed Trapez- 



Combinatlon of Rhombic Dodecahedron and Three-faced Tetrahe- 
dron.-— Figures 147 and 148 show the combinations of the rhombic dodecahedron with 




122 

the thrce-faced tetrahedron^ whose symbol is--^ ; and Fig. 149 its combination with 



the three-faced tetrahedron whose 


, , . 133 
symbol is 

2 


In Fig. 147, where the faces r r, &c., of the rhombic 
dodecahedron predominato, the edges of the four- 
thrcc-faccd solid angles of the rhombic dodecahedron, 
opposite the thrcc-faccd solid angles of the three- 
faced tetrahedron are replaced by planes a a of the 
latter. In Fig. 148 tho six-faced solid angles of the 
three faced tetrahedron are each replaced by a threc- 
foced solid angle of the rhombic dodeedhedron. In 
Fig. 149 each four-faced solid angle of the rhornbie 
dodecahedron is replaced by two jdanes, a a, of the 
thrce-faced tetrahedron. 
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Cemliliuktlon of &lLoiiiliie3odeealiednm with Slx-lacod Totnliodron. 

— ^Figs. loO and 151 represent the combinations of the rhonUne iodeeahedrwi ^ith the 

15 3 

six-faced tetrahedron whoso symbol is , the faces marked r being those of the 
rJumhie dodecahehroUy and thoso marked e the faces of the six-faced tetrahedron. In 


Fig. 150 the tlircc-faocd solid angles of the rhomhio dodecahedrony opposite to the 



obtuse six-faced solid angles of the six-faced tetrahedron, have their edges replaced by 
two planes ortho six-faced tetrahedron. In Fig. 151 where the faces of the sixfaced 
tetrahedron predominate, the acute six-faced solid angles of that form arc each replaced 
by a thrcc-faccd solid angle of the rhombic dodecahedron. 

Combination of Cuba with the Pentagonal l>odecahedTon.^Whcn the 
faces of the ctihe (P P, &c.,) predominate (Fig. 152), the edges of the cube ore each 
replaced by a plane e c, &c., of the pentagonal dodecahedron. This combination is 


P 



Fig. 152. Fig. 153. 


dislingaished from that of the rhombic dodecahedron with the cube by the inclination 
of P owtf, not bemg 135^ 'When the faces of Iho pentagonal dodeeahedrony a Cy pre- 
dominate (Fig. 153), the edges of that form through' which &c cubieal axes pass, arc 
replaced by rectangular planes P P, &c., of the cube. 
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€toHdrfaatlMm'Of tlio Giibe wlthtlieBeiii^ Idnn of the Ste-fiieed 
Qetehedvoii with purallel faoee^Whczi the faces of the eu3e F F, &c. (Fig. Id4), 
predominate, the solid angles of tho cube aro each replaced bp a threc-faced solid angle, 



Fig. 154. 



of tho trapezohedron. When the faces eee, &c., of tho trapesoltetlron (Fig. 1/35) 
predominate, the^ four-faced solid angles of that form which terminate the cubical axes 
are each replaced bp a plane F of the cube. 

Combination of the Octahedron and Pentagonal Oodecahedron.— 'Wlu'n 
tho faces of the octahedron o o, &c. (Fig. 1*56) predominate, each four-faced solid nngh* 
of that form is replaced bp two planes, e e, of pentagoml dodecahedron. "When tho 
faces of tlic pentagonal dodeeahtdron^ c e, &c. (Fig. 168), predominate, each of its 
threo-fheed solid angles which lie in tho octahedral axes is replaced bp a triaugulnr 
plane, o o, of the octahedron. When the faces of the octahedron o o, &c. (Fig. 167), so 




iax pterail Giat their imgolar points touch each other, the combination pre^nts.thc 
fenrn shown in Fig. 167, bounded bp eight equilateral triangles, eo, do., and twelro 
isosceileB trian^ei, ea, dc. 


THE PLATONIC BODIES. 
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Platonic Bodloa.— If tho peatagonal dodooahedron be bounded by twelve tegular 
pentagons,— that is, pentagons whose sides and angles aro idl equal, — ^it is colled the 
regular pentagonal dodeealiadron. In this case 
the isosceles triangles, c ^ &c. (Fig 157), 
are equilateral triangles ; and the combination 
of the regular pentagonal dodecahedron with 
the octahedron is a regular solid, bounded by 
twenty similar and equal equilateral triangles, 
and is called the icosahedron. 

Tho tetahedron, cube, octahedron, regular 
pentagonal dodecahedron, and the icosahedron, 
aro the only regular solids which can bo 
formed; a regular solid being one that is 
bounded by equal and similar regular recti- 
lineal figpros. These fivo solids arc called tho 
platonic bodies. The regular pentagonal do- 
decahedron and tho icosahedron have not been 
observed among crystals. ^ 

‘‘The ancient geometricians mado a groat many geometrical speculations re- 
specting these bodies; and they form almost tho whole subject of the lost books 
of Euclid’s Elements. They wero suggested to the ancients by their believing 
that these bodies wore endowed with mysterious properties, on which tho explana- 
tion of tho most secret phenomena of nature depended .”— Mathematical 
Beereations. 

Gomblnatlon of the OctalieATon with the Bemihadral fonn of tlie Six- 
faced Octahedron with parallel fiacee.— When tho faces o o, &c., of tho octahedron 
(Fig. 159) predominate, its solid angles aro each replaced by four planes, ef Cf, of tho 





trapesoflodron. When the faces of tho trapoosedron ee, &c. (Fig. 160), predominate, 
each of its three-fsced solid angles is replaced by a triangular plane, a, of the* 
octahedron. 
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HEMISEDRAL COMBINATIONS. 


ConUMrtloniofrtte OodwAMion witk tlUi FcEtaUismal 

Bod eB rti e dioii>— "When the faces rr, &c., of tb.e rhmnhie dodeeahedrm (Fig. .161) 




prodominato, its four-faced solid angli^s are cacli replaced by two planes, of the 
pentagonal dodecahedron. AVlicn the faces of the pentagonal dodecahedron, ce^ &c. 
(Fig. 162), predominate, its four-faced solid angles 
are each replaced by a triangular plane, rr, &c., 
of the rhombic dodecahedron. 

Combination of the Rhombic Dodeca-* 
hedvon with the Bemihedval fotm of the 
Six-faced Octahedron with parallel faces.— 

In this combination, the four-faced solid angles 
of tiio trapezohedron, e e (Fig. 163), arc cacli 
replaced by a plane, r ?•, &c., of the rhombic 
dodecahedron. 

Complex Combination of Kemihedral 
Forms. — A crystal of Fahlcrf, or gi-cy copjw'r ore, 
is itiprcscntcd in Fig. 164 as an instance of a com- 
plex combination of the hemihcdral forms. The 
faces marked P arc those of the tvtahedron ; f tho&o 

of the cube; I ai’C the faces of the positive 
three-faced tetralmlmx; and r those of the vaga- 
iivc three-faced tetrahedt'ou^ which are both dorived 
from the twenty^four-faeed trapezohedron, whoso 
symbol is 12 2. o are faces of the rhondfic 
dodecahedron ; n those of the tuiclve-faced trape- 

1 1 a 

tolled ron^ whose symbol is — lastly, those 

marked s are the twenty-four faces of the scyonth 
form wMch enters into this coxabiTiation, and: is the 
fouT*faeed ctibe whose symbol is I 3 oo . This com^ 
bination has seventy different fhccs. 



Fig. 164. 



hauy’s theory of primitive molecules. 
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BI<floe«lM.^Under tlio head of cleayage, we hare seen that ciystala of many 
substances' split in directions parallel to certain crystalline forms ; thus Galena splits 
into rectangfnlar fragments parallel to the sides of a cube ; Fluor spar, into octahedrd or 
tetrahedral particles parallel to the planes of the regular octaludrtm ; and Blende 
(siilphuret of zinc), in particles parallel to the faces of a rhomhie dftdooahedron. To this 
cloayage there appears no limit but the practical diffifinlty'of) applying an instrument 
to the minute particles so as to split them. In the case^ef Cokite. (carbonato of lime), 
which cleayes in obtuse rhomboids, it is found finoet dust to which this subston^ 

can be reduced presents, under a powerfid: mkroseope, nothing, but-i perfect though 
minute rhomboids. Fitim these circumstaneaeBOKuy deduced the titeory that the ultimate 
molecules, or particles of matter of Gideh8$.wen» miuuto' cubes; thoseof Fluorspar, 
regular tetrahedrons; of Blende, in^gidaU' tetrahedrons, haying., their faces parallel to 
tliree planes of the rhombic dodocahedroav; and generally; that - all crystals were com- 
posed of molecules whose forms might bo^detomined from their cleavage^ or infenred 
by analogy from their crystalline forms wkwi^thO' Clcayage* c(nild->not bo discoycred. 
These hypothetical solids Haiiy calls the solids .of the. substances* from which 

they are deduced. Taking this primithc saifei>£oirhit:^WsMnry fiitiii; ho deduces all the 
other crystalline forms in which the auLstanoa acaiors'frdm it^acoosding.to certain laws 
of dect'emeni —^Sozl, is, supposing his priniaiy fo^.io.ba eoinpaied' of a large number of 
imjixiiie- primitive solids^ arranged togctlicr in a mass of the same-formwis themselves, ho 
concciycs the secondary forms to bo derived from the primary one, by abstracting 
certain groups of these primitive solids, in regular order, from its solid angles and 
edges. 

Lmt of BooTomeiits. — Galena occurs in tlio forms both of the octahedron and 
rhombic dodecahedron as well as the cube, llaiiy supposes these forms to be built up 
entirely of minute cubical particles, and formed from tlic cube by abstracting rows of 
cubical particles according. to certiiin laws. 

Decrements on Edges. — Rhumhic DodecaJfedrou^—l^ a single row of cubical 
particles bo removed from tli(» cdg(i of the largo cubnial mass, llion two rows adjacent 
to the one removed, then three more rows adjacent to tb(\si', and so on, os in Fig. 165. 
If wo conceive these cubical particles to bo so small tliat the edges formed by their 
removal could not be pc'rceivcd, the cubical mass woiilH present tlu? appearance of its 
edge being cut off by a idane, a be Fig. 165, or r^, Fig. ICC. Lot'^tho process b(3 



'P/ 




repeated on every edge of the cube, as in Fig. ICG, and conicd still further by the 
removal of more rows of cubical particles, as in Fig. 167, at length the form of tlio 
rhombic dodecahedron will appear. 
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Instead of producing the rhombic dodecahedron fromjtho cube by decrements of the 

cubical molecules, we might 
suppose it built upon the cube 
by the addition of layers of 
these molecules; each succes- 
sive layer being one row less, 
all the way round, than its 
preceding one, as shown in 
Fig. 168. 

Marking the edges of the 
cube by the letters B, as in 
Fig. 18, the law of decrement 
for the formation of tlie rhom- 
bic dodecahedron is represented 
by the symbol thosl above 
the B indicating the abstrac- 
tion of single rows oft cubical 
molecules parallel to the edges 
of the cube. 

Four •faced Cube^ — If wc 
Pig 168 remove particles from the 

edge consisting of rows two in 
height and one in breadth, as in Fig. 169, the edge of the cube will be replaced by a 
plane, abed^ corresponding to the plane Cy Fig. 170. Considering P 2 as the upper 




Fig. 169. 



Pig. 170. 





Pig. 171. 


surface of the cube, similar rows of particles might bo abstracted parallel to the edge 
between To and Py producing the plane e^. Repeating the process for every edge of 
the cube, we should have the form Fig. 170 ; and, abstracting equally more rows accord- 
ing to the above law, parallel to every edge, Fig. 65, wo should ultimately form the 
four-faced cube. 

The symbol for this decrement is B i ; the figure ^ indicating that rows of molecules, 
one in breadth and two in height, are abstracted symmetrically in every possible manner 
from every edge of the cube. t 

would indicate a law of decrement by rows of particles m in breadth and » in 
height 
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Fig. 172 represents the decrements which produce the pentagonal d;deeahedrw^ 


which is the hemihedral form of 
the four-faced cube, whose sym- 
bol, according to Haiiy’s nota- 
tion, is It is formed by 

decrements of rows along the 
edges of the cube two in height. 

DecremmU on the angles of the 
pnmary foi'm . — If a single cubi- 
cal molecule be rcmoYcd from one 
of the solid angles of the cube, 
then the row of cubical mole- 
cules which touched the ones re- 
moved, then the next row which 
touched these, and so on, the 
solid affile of the cube would 
bo replaced by a single plane, 
ahe (Fi|f. 173). 

This law of docremcift gives 
rise to the eight planes, Oj o^^ &c.. 



Figs. 55, 56, 57, producing the octahedron. The solid angles of the cube being 



indicated by the letter A, as in Fig. 14. I’lie symbol 
for this decrement is A*, the decrements from the solid 
angle being one in breadth and one in height. 

If the decrements from the solid angle consist of rows 
of groups of particles m in breadth and n in height, llie 

tit 


Fig. 17S. symbol will be A” . 

When n is greater than m, or the height of each group greater than its breadth, a 
triangular plane ado (Fig. 174), which is an isosclcs triangle, having its sides greater 
than its base, replaces the solid angle of the cube and corresponds to the plane 5 



Fig. 174. Fig. 175. Fig. 17G. 


(Fig. 60). Since it is perfectly arbitrary on which face wo suppose the cube to stand, 
by altering its position the same law would produce two similar planes ^2 and so 
that the solid angle would bo replaced by the planes and Supposing everj’ 
solid angle replaced by similar planes, this law of decrement gives rise (Figs. 60 and 
61) to the threefaeed octahedron. 

When n is less than m, or the groups are less in height than breadth, the solid angle 
of the cube is replaced by an isosceles triangle ab e (Fig. 175), whose base is greater 
than its sides, corresponding to the plane (Fig. 62). This law of decrement replaces 


proda«w3r2oTlvT^^/ ““y *>y <‘«'^J‘ triangles 

fonns of the«Sioal-i|l£\ i f '''^“‘’ “‘Tstols occur in any of the 

hedrona finm the cdgci and aagka of a«f’A*T“ ^ wtehwlral imd of irregiilur fotra- 

1»»M h, H .H.il,‘L«.^&. <S,“ d<*.aed™. who. ao Jtoe.., 1. 
w« . enbo i. eopteerfh^^l., of e,« „,olocol„,.ao (to of a« looto* 




Fig. 178. 


Fig. 179, 



•'e****'* 

^ch each Othw so as to leave no intcMtices, just as a aolM w»i?- i. -i. • 

If an octahodm be composed of octahednd “’^’‘P'Abricks. 

/ O' ^77;, -tney can only toizeh 
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Gach other’s edges, leaying tetrahedral i^aces: Similarly a tetrahedron (Fig.l79) consisting 
of octahedral molecules must ha\'e tetrahedral spaces between them. An octahedron 
(Fig. 178} and tetrahedron (Fig. 180) composed of tetrahedral molecules will have 
octahedral spaces left between the molecules. 

Sphezical and Sphezoidal XKIoleculec. — Ilookc and TV'ollaston contend that 
the ultimate molecules of substances crystallizing in forms of the cubical sy.^tem 
arc perfect spheres. Fig. 181 shows the arrangement of these spheres which produces 
the octahedron ; Fig. 182, the tetrahedron; and Fig. 183, the cube. According to this 



Fig.^181. Fig. 1S2. Fig. 1S3. Fig. 184. 


theory, the sphere may hp substituted for the cube in cverj’ one of the cubical docre- 
mc'nts wc have described. 

They derive the forms of the other systems of crystals fi*om the combinations of 
prolate and oblate sjihcroids (Fig. 184). 

Crystallograpbers generally have now abandoned those llieorics of tlic forms of the 
ultimate molecules of erj'stallino substances, on account of the numerous difficulties 
which a more extended view of the s(ii(meo has presented to their reception. They 
arc now interesting as the means by whi(;h the rehitions of the faces of the crystalline 
forms to their axes were discovered, and wc have given Ihi* outline of them, because 
they have had such a powerful influence on the nomenulaturc, and becomes so in- 
corporated in the toclinical language of Chemistry and Mineralogy. 

SECOND SYSTEM— THE PYRAMIDAL. 

This system is called the pyramidal or iciragonal if its forms arc derived from the 
octahedron on a square base, or. double four-faced pyramid; the square prismatic, or 
quadratic, if derived from the right prism on a square base. It is also called the viouo- 
dimetrieal, or two undone axial system, from the properties of its axes. 

Tho holohcdral forms of this system are,— two right prisms on a square base, two 
double four-faced pyramids, the double eight-faced pyramid, and tlio right prism on an 
octagonal base. 

From each of these, with the exception of the prisms on a sq^uarc base, hcmihedral 
forms arc produced 'by the development of half their faces, and from one of the hemi- 
hcdral fbrms of the double eight faced pyramid, by the development of half its faces, a 
form is produced having only a fourth of the faces of the original form ; this is called a 
tetartohedral, or fourth-faced form. 

■ The hemihcdral forifls with* inclined fs^cs ore the sphenoid or tetrahedron, the eight- 
faced trapesohedron, andihe sealenohedron. 

The hemihednd forms* with parallel iaces,^a double four-faced pyramid, and a 
priem on a square base. 

The tetartohedral form is a tetrahedron or sphenoid. 
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MINERALS BELONGING TO THE PYRAMIDAL SYSTEM. 


Atphabeiical List of the MineraU belonging to iikt Pgramidal System^ together with the 
Angular Elements from which their Tgpkal Form and Axes mag be derived. 


Anataso (Pyramidal Titanium) 60® f38'. 

ApophylUto 51® 21'. 

Autunito 51® 25'. 

Braunitc 54’ 19'. 

Calomel 60’ 9'. 

Cassitorito 33’ 55'. 

Chiolito . 47* 8'. 

Eding;tonitc 43® 39'. 

Faujasio 52^ 45'. 

Forgusonite 55® 40'. 

Gelilonite Unknown. 

llausmannite (Pyramidal and Manganese Earth; . . 58' 57'. 

Idocraso (Pyramidal (larnot) 28’ 9'. 

Lanthonitc (Carbonate of Cerium) .... Unknown. 

Matloekite 60® 26'. 

Mcllito 36’ 44'. 

Naggagitc (Black Tellurium) . . . . * . 61® 23'. 

Phosgenitc (Muno-carbonatc of l^ead) . . . 47® 20'. 

llutilc (Oxide of Titanium) 32* 47'. 

Sarcolitc 41’ 05'. 

Scapolite 23’ 45'. 

Schcclito 50’ 1'. 

Somervillilo 32® 51'. 

Siolzitc (Tungatatc of Lead) bV 27'. 

Tin 21® 5'. 

Torberito 51® 25'. 

Towanitc (Pyramidal Copper Pyiiles) .... 44’ 34'. 

Wullbniio (Molybdate of Lead) ^ 57’ 33'. 

Eenotinc (Phosphate of Yttria) 41® O'. 

Eireon . . . 32’ 38'. 


The Square Frism.— Tho square piLm, al^o called tho tetragonal prism and 
the right prism on a square base, is a solid form bounded by 
six faces, four of which are rectangular parallelograms, such 
as Ai A j A, Aq (Fig. 185), forming tho sides of the prism, and 
tho other two— its top and bottom — are squares. 

By some writers, tho four faces alone which are parallclo- 
. grams are considered the faces of tho square prism ; it is then 
colled on open form, and tho two squaro faces which arc 
required to enclose it arc considered distinct forms, under tho 
name of basal pinacoids. 

Axes of the Square Prim and the Pyramidal System,^!^ 
Pi and P^ be the centres of the squares Aj Ag Ag A4, and 
Fig. 185 . A7 Ag, which enoloso the square prism ; Mj Mg ^3 and 

M4 tho centres of the four rectangular faces. Join P| P^, M3, Mg M4 cutting each 

other in C. 
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The three lines, My, My M|, and F| Py, which ore at right angles to each other, 
arc the a.rea of the square priam^ and also of the pyramidal system, 

Pazameters. — ^Thc baso of the squara prism, and consequently the length of the 
equal axes C M| and C My, is perfectly arbitrary ; the height of G Pj, or the height of 
the prism when a length has been [chosen for G or G My, 
depends upon the angular element already given for each mineral 
belonging to this system. This angular element is determined 
from the angular measurement of some pyramid or octahedron 
wliosc faces occur most frequently among the crystals of any 
particular substance. 

To determine G Pj, draw G M and G P (Fig. 186) at right 
angles to each other ; take G M any convenient length, as the arbitrary unit of the 
system of axes. 

Through G draw G D, making an angle with G P equal to the angular unit of the 
substan^ whose axes arc to be represented. 

Thus, for Anatase the angle PCD will be 60“ 38' ; for Apophyllite, 61“ 21' ; for 
Calomel, 60“ 9' ; and so on for other substances belonging to the pyramidal system. 

From M let fall M £ jjcrpcndicular to C D, and produce M E to meet the lino C P 
in the point P. 

The distances C Mj, C My, and C Pj, Fig. 185, of the points Mj My and Pi from C 
thus determined, are called the parameters of the pyramidal system. 

It appears, therefore, that the axes of the pyramidal system arc rectangular^ and two 
of its parameters 01*0 equal. 

The edges of the basal pinacoids, or the breadth of the sides of the sqmre prism, arc 
twice the length of the equal parameters C Mj or^C My, and the height of the x>rism or 
its edge, such as Aj A5 (Fig. 186) is twice the length of G P. 

To draw tJw sqmre Fris^n, — Draw tlie lino A5 (Fig. 185) equal to twice C M 
(Fig. 186). 

Through A.^ draw Ag A7, making an angle of about 30^ with Ag A^, 

Make Ag A7 equal half Ag A^. Through Ag draw Aj Ag equal and parallel 
toAcA7. 

Through Ag draw Ag A4 poipendicular to AgtA^, and equal twico G P 
(Fig. 186). 

Through A, 7 Ag and A^, draw Aj Ai, Ag Ay and A7 Ay parallel and equal to 
A4 Ag. 

Join A4 Ay, A4 A], Ai Ay, and Ay Ay and the square prism will be represented in 
l)crspcctive. 

• 

Symbols. — Each face of the Sqmre Frism we have described, cuts one of the axes 
at a distance from the centre G of the axes, equal to tho length of one of the equal 
parameters, and is parallel to the other two axes. The two basal pinacoids cut tho axis 
at a distance equal to the unequal parameter and aro parallel to the other two axes. 
Adopting, therefore, the same principle wo have used in the cubical system, our symbol 
for this sq%iare prism will be 1 00 ao , and for tho Basal Finaeoid 00 ao 1. 

For this sqtmre prism Naumann’^sym^l is 00 P 00, Miller’s 10 0, Brooke and 
Lovy’steodifleation of Haiiy M, and Moh’s [P + »]. 

For the basal pinaeoid Naumann’s is 0 P, Miller’s 0 0 1, Brooke and Levy’s P, and 
Mohs P — 00. 



Fiff. 18C. 
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SQUAEE PRISM. 


To deoeribo a net for the Square iVum.— Take the 
parallologram Aj A 3 Ag (Fig. 185) for one of Iho 
faces of the square prism, range four such parallelo- 
grams as in Fig. 1 87. Describe two squares having 
their sides equal to A, A^ (Fig. 185) and place them ns 
in Fig. 187, and the not will be fonned. 



Fig. 187. 


3Iimrtih tchosi rr»j»ttt}8 present fneci porvlld to ilu stjuare prism whose stjiuhol is 1 00 y. ; - 


Apoph) llitc. 

Mcllitc. 

Tin. 

CiiHsiterito. 

Naggapitc. 

Torberite. 

CaUimcl. 

l*h(i«pctiitc. 

Townnito. 

Kdingtonitc. 

Rutile. 

Wulfcnite, 

Ciehlenito. 

Sarcolite. 

Zenotinc. 

Idocraho. 

Lnnthunitc. 

Scapholite. 

Sommcrvillitc. 

Zircon. 

Minetah whose erysUih i 

vhare parvlUl io this form those printed in iUtlies indirathg 
clearoge is easy and perfect 

Cassiteritf. 

Gohlcnite, 

ScapoUtc, 

Calomel. 

PhospGiiite. 

Sommcrvillitc. 

Kdingtouitc. 

Rutile. 

Zonotine. 


JUiMrols whose nystals present fam purtiUel to the lasalpinacoids:— 


A* atase. 

Apophyllitc. 

Brnunito. 

CSasiterite. 

Calomel. 

Frrgunonite. 

Oehlenite. 

Hausmuiiite. 


• Idocrase. 
Lanthnnitc. 
Matlockitc. 
Mellito. 
Naggapite. 
PhoRgenite. 
Rutilo. 
Saroolitc. 


Boapolitc. 

Scheclite. 

Rranmcrvillitc. 

Stolzite. 

Torberite. 

Towanitc. 

Wulfcnite. 


Clettvayes parfiUd to ihehasetl piwtcmds oemr in thefoUawing minerals:— 


Anatase, 

AponhylHte, 

OehlGTiite. 

JTausmannUe, 


Idoeitue. 

Lantbanitc. 

Naggagtie^ 

Phoagenite. 


t 


SommertillUe, 

Stolzite. 

Torherits, 

Towanite. 

Wnlfenite. 


To draw the Second Square iWm.— Draw the axea P, P^, Mj M-i, and M 4 as in 
Fig. 186. Through M., and M 4 , draw Bj Bg, B^ Bg, B^ B 7 , and 34 B^ 
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parallel and equal to P 2 . Join B| B.^, B^ B^, &c., and a second square prism will bo 
described in a different position from the former ono. 

In this prism the axes in which the equal parameters lie, pass 
through its edges, while in the prism previously described they 
are perpendicular to its faces. 

This prism, like the former, is an open form, closed by the 
same basal pinacoids perpendicular to tlic axis P| P 2 . 

Symbols, — ^Ea(^h face of this prism cuts two of the axes at a 
distance equal to that of the equal parameters from the centre C, 
and is parallel to the third. Thus the plane Bo B^ Be cuts the 
axes C Mj and C Mo in the points Mj and Mo, and is parallel to 
C Pj. The symbol, therefore, which represents this relation of 
the faces of the prism to the axes is 1 1 00 . 

Naumann’s symbol is 00 P, Miller’s 1 1 0 , Brooke and Levy's | Mob's r+ 
This fom being in all respects similar to that of the preceding square prism, except in 
the breadth of its faces, and its position with regard to the axes, its net will lie de- 
scribed in the same manner as Fig. 187. 


Fii;. 188 . 


Faces paralUl to the Square Ft'ism irJmv Symbol w 1 1 00 , occur in the folbivmj 

iuhurals: - 


An:ita«c. 

Apubyllitc. 

Cassiterite. 

Calomel. 

Idocrnsc. 

Matlockite. 

Naggagitc. 


riio^gcuite. 

Rutile. 

Sarcolite. 

Seapolitc. 

Schcclite. 

Somervillite. 


Stolzitc. 

Tin. 

Torbcritc. 

Towanito. 

AViilfenite. 

Zircon. 


Thefolloicwy MincraU ham cleavages parallel to the Square Prism whose Symbol la 

ll y: 

rnssitei'itc. Fhosgrnitc. Rcaj)olitc, 

Jftocrase. llutilc. Zircon. 

Matlockite. 


Souble Fouz-Faced Fyiamid of the First Ozder.—The double four-foe/jd 
P 3 *ramld, or octahedron on a square base, is a solid bounded by 
eight triangular faces, such as Pi fli G^, Fig. 189, ea(!li face being 
an isosceles triangle ; it has four four-faced soliU anyles, Gi G.^ G,, G|, 
formed by the equal angles of tho isosceles triangles, and two four- 
faced solid angles, Pj and P^, formed by the unequal angles of tho 
isosceles triangles. Four equal edges, G, G^, 

&c.. which arc the bases of the isosceles 
triangles, and (dght other edges, Pj G^, Pi (}.j, 

&c., equal to ono another, but unequal to tho 
former, whi(;h arc the sides of the i.so.scclcs 
triangles.] 

To Draw the Double Four-Faced Pyramid of the First Order, 
—Ascribe the square prism A.^, &c., A^, with its axes P^ P.„ 
1 &C., as directed fbr Fig, 185. 

Through and Mi, Fig. 190, draw (L Gj, Gi Gj, G. 2 C;,, 

and G 4 , parallel to Ai Aj, Ai A^, A 2 A^, and Aj| A 4 , and cuttin, 
Pig. 190. tlic edges of the prism in the points Gj Gj G 3 and G 4 . 
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DOUBLE FOUR-FACED PYRAMID. 


Join Pj Gi, Pj G^, Pj G„ as in Fig. 190, and the pyramid will be drawn. 

Axes . — ^From the description of tins pyramid it is evident that the axes in which 
the ccpial parameters arc taken join tlio centres of the edges Gj G^, Gj Gj, G,, C 4 , 
and O 4 Gj, which arc the edges of the bases of two equal square pyramids which 
joined together form the figure, while the third axis joins the apices Pj P.j of the 
pyramids. 

Symbols . — ^Each face of this double p 3 nrainid cuts one axis at a distance equal that 
of one of the equal parameters, the second axis at a distance equal to the unequal 
parameter, and is parallel to the third axis. 

Thus the face P, Gj G.j, Fig. 190, cuts the axis C in is parallel to the axis 
C Mp and cuts the axis C Pj in Pp 

The symbol which oxprcs.sos this relation to the axes is loo 1 . 

Nauinann’s symbol for this form is Pco, Millers 10 1 , Brooke and Jjcvy’s b\ 
and Moh’s P — 1 . 

Inclihation of the Faces.— JjCt ^ be the inclination of the adjacent faces measured 
over tlio edges Gj Go, &c., 0 their inclination ovef the edges 1 \ Gp &c., and a the angular 
element given, page 360. 

Then tan. = cot. a and cos. ir — 0 = ^Sin. ^ • 

are the formulm from which those inclinations may bo determined. 

To Describe a iVet of the Double Four-^Faced Pyramid whose Symbol is 1 00 1 . — 
Describe a square, Gj G.^ Gj, G 4 , Fig. 191, having its sides equal to twice C M.^, Fig. 190, 
or equal to twice the length of one of the equal parameters. This square will bo the 
base of the double pyramid. TiCt C bo its centre. Join C Gp C Go, C G.., and C G 4 . 
Then (Fig. 192), draw C P perpendicular to C G. Take C P = C Pp Fig. 190, and 
C G = C Gp Fig. 191. Join P G. 



Draw Gi Go, Fig. 193, equal to G, G3, Fig. 191. 

On G, Gjj describe an isosceles triangle, P, G, Go, having its equal sides, P Gp P Go, 
equal to P G (Fig. 192). P G, G.j will be a face of the double four-faced pyramid, and 
eight such faces arranged, as in Fig. 194, will give the required net. 

To Draw a May of the projection of ihe Poles of the Double Four-Faced Pyramid whose 
Symbol m 1 00 1 , upon the Sphere of Projeetimiy as well as those of the Square Prisms 
already described.— P, os centre, and any convenient radius P, Mp describe the 
circle M, M,^. Let M, M 4 , and M.^ M 3 , be any two diameters perpendicular to each 
other, f?, r/„ and d.^ d^y two diameters bisecting the right angles M, P, M 2 , and M/P, M 4 . 
Then P, will re^sent the north pole of the sphere of projection, and M, M 2 M 3 its 
equator. 
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P] will represent the pole of the basal pinacoid. M, M 4 the poles of the 


faces of the square prism 
whoso symbol is 1 00 go, 
(ly d.^ ^3 and d^ those of the 
fiiccs of the square prism 
whoso symbol is 1 1 oo . 

The poles a., <73 ai of 
the double four-faced py- 
ramid, whose symbol is 
1 00 1 , always lie where 
the circle of their latitude 
cuts the meridians G 
C M 3 , C M 3 , and C Mj ; 
their latitude being equal 
to the ppgular element of 
the substance to which the 
crystal belongs. 



Fisr. 195. 


Crystals whose Faces occur parallel to the Double Four-Faced Pyramid^ wlme synM h 
1 1 GO , together xciih the latitude of their poles on the spJxere of projection. 
Anataso ......... 60^ 38' 

Praunitc 54" 20 ' 

Cassitcrite SS"* 56' 

Calomel 60" 9' 

Edingtonitc 43® 39' 

Fanjasite 52" 45' 

Hausmannitc 58" 67' 

Idocrase 28® 9' 

Matlockite 00 " 26' 

MeUite , . . 36" 44' 

Naggagite 61" 23' 

Phosgenite 47® 20 ' 

Rutile 32® 47' 

Sarcolito 41® 35' 

Scapolite 23' 45' 

Schedite 66 ® 1 ' 

Somervillite 32® 51' 

Stolzite 67® 27' 

Tin 21 ® 5' 

Torberite 61* 26' 

Towanite . , 44® 34' 

Wulfenito 57' 33' 

Zenotino 41* 0' 

* Zircon 32*"^^' 

Three of these minerals clcavo parallel to the form 1 1 oo , Anatase, Braunite, and 
Cassiterite, the first two with a perfect deayage. 


47® 20' 
32® 47' 
41® 35' 
23’ 45' 
66 ® 1 ' 
32® 51' 
67® 27' 


67’ 33' 
41* 0' 
32 ** 
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DOUBLE FOUB-FAOED PYRAMID. 


Hbuble FatUBxFaced Pjrs&nda of the Second Older.— This pyramid differs 
from the former only in the position and size of its base. The samo figure being 
described (Fig. 197) as Fig. 185. 

Join Mj, M 2 M 3 , Mj M 4 , and M 4 ; also join Pj M^, M.,, P^ Mj, Pi M*^ 

and P 2 M,, P 2 M 2 , P 2 M 3 , P.. M*. 

And the ^uhU four-faeed pyramid^ Pi Mi M.^ P 2 , Figs. 19G and 197, of the second 
order, will bo inscribed in the square prism. 

In this prism, the axes in which the equal parameters lie, join the solid angles at 
the base of the pyramids Mi M 3 , and M.^ M 4 . 

In Fig. 191, let Mj M 2 M-, Mi be the centres of the sides of the square. 

Join C Ml C M 3 , &c., C M 4 , and Mi M.^, M., M 3 , M 3 M 4 , and M 4 Mj. 

Then Mi M.^ M 3 M 4 will represent the common base of the pyramids of the second 
order, Gi G.j G.^ G 4 that of the pyramids of the first order, and Mi Mg, and Mg M 4 , the 
position of the axes with respect to these bases. 




Fig. 197. 



Fig. 198. 


To find the face of this form, produce G C to M (Fig . 192). Make C M equal to 
C M„ Fig. 191. Join P M. 

Draw Ml Mg, Fig. 198, equal to Mj Mg, Fig. 191. 

On it describe the isosceles triangle, P Mi Mg, haying the equal sides P M^, P Mo, 
equal to P M, Fig. 192 P Mg will be a face of the pyramid. 

Eight such tiiangulor faces, arranged ns in Fig. 194, will form the net of the dou^la 
four-faeed pyramid of the second order 

Symbols ,— face of this form cuts the threo axes at distances from its centre 
equal to that of the parameters ; tlic symbol which expresses this relation is 1 1 1 . 

Naumann’s symbol is P, Miller’s 111, Brooke and Levy’s Moh’s P. 

Inclination of Faces.-r^i <f» be the anglo of inclination of adjacent faces oyer the 
edges Ml Mo, Mj M3, &c., 6 that over the edges Pi Mi, Pg Mg, &c., and a that of the 
angular element, page 360. 

tan. = cut. a cos. 45’. 

. . /sin. IT — 

cos. (1 ■ - e) = V 2 — ) . 


Position of the Poles of this Form on the Sphere of Projection , — ^The latitude of the 
poles of this form is the samo for all, four lying in the same parallel of north l&titude, 
and four ' in the same parallel of south latitude. Four poles lie in the zone passing 
through the pole Pi of the form qo 00 1 , and the poles and dg of the square prism, 
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w^hoae symbol is 1 1 oo . Thus b.^ Aj A4, F^. 195, represent the poles of the double 
foiir-&ccd pyramid, whose symbol is 1 1 1. 

Faces paraUcl to this form occur in the following minerals^ the angles are the latitude of 
, their poles : — • 


Anatase 

68* 18' 

Apophyllite . 

60* 32r 

Calomel 

67" 65' 

Cassiterite . 

43* 33' 

Ghiolitc 

56* 43' 

Fergusonite . 

64* 41' 

Hausmannitc 

49“ 36' 

Idocrase 

37" T 

JCatlockitc . 

68* 9' 

Mellite 

46* 33' 

Naggagito . 

68* 56' 

Phosgenite . 

56* 54' 

Futile 

42* 20' 

Sarcolite | . 

51* 27' 

Scapolito 

31* 64' 

SchccUtc 

64* 31' 

Stolzite 

65* 42' 

Tin 

28* 36' 

Towanitc 

54* 20' 

Wulfcnitc . 

65* 47' 

Zircon . 

■12* 10' 


Of these, Forgusonito, Hausmaimito, Stolzito, AVulfenite, and Zircon, have cleavages 
parallel to this double four-faced pyramid. 

Doable Foos-Faced Pyramids deriwed from the Form 1 co 1.— Fctaining 
the same base GiG2Cr3 G|, Fig. 190^. TakeX P5 and C P^, Fig. 
199, equal to m times C Pj, Fig. 190, m being any fraction or 
whole number greater than unity. Join P5 G^, P5 G.^, &c., as in 
Fig. 199, and the pyramid will be constructed. 

For Fig. 200 take C P3, C P4 = iw C P^ Fig, 190, m being a 
fraction less than unity. 

0 Join P;, G4, P3 G2, &c., as in Fig. 200, 
and the pyramid will be constructed. 

The series of pyramids, such as Fig. 

199, arc more acute, and those of Fig. 

200 more obtuse, than the original pyra- 
mid 1 00 1. 

8ymbols,’~‘Thxi symbol for these double 
Fig. 199. four-faced pyramid is 1 00 m, as each 

face cuts tone axis at a distance equal to one of the equal parameters, is parallel to the 
other, and cuts the third at a distance equal to m times the greater parameter.. 
i ' Naumann’s symbol is m P 00 , MiUeFs ho 1^ Brooke and Levy's, 
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— ^The polos of these pyramids always lie ia the zone M P M, Fig, 195, those 
of the acute pyramids being between a and M, those of the obtuse between P and a : 
the poles of the upper pyramid lie in the same circle of north latitude, those of the 
lower in the same circle of south latitude. 

Axes , — The axofi C Mj, C Mo, &c., in which the equal parameters ore taken, join 
the centres of sides of the base, Fig. 199 and 200, while the third joins the apices of 
the two pyramids. 

InclinatioH of Faces, — If 0 be the angle of inclination of adjacent faces over the 
edges G, 63, G|'G4, &c., d that over the edges P5 G^, P5 G4, &c., and a the angular clement 
of the substance. 

Tan. loot, a 
Cos. (,-«) = ( sin. 


Foitns (if ilie douhlfi four-faced pyramid whose symbol %s\ 00 m which have been (Observed 
in nature^ together with tJw latitude of their poles on the sphere of projection. 


The form 1 00 ^ P » Naumann ; 105 Miller ; and b ^ Liuokc and Levy. 

Anatoso 19^31'. 

Apophyllito 14" 3'. 

Schcelito 16" 3r. 

Tlic form 1 go ^ P 00 Naumann ; 103 Miller ; and b ^ Brooke and Levy. 

Calomel 30'’ 9\ 

Hausmannito 28" 58'. 

Wulfenite 27" 40'. 

Uausmonnitc cleaves parallel to this form. 

The form 1 00 ^ P oo Neumann ; 102 Miller ; b^ Brooke and Levy. 

Apophyllito 32" 2'. 

Edingtonitc 25" 26'. 

Scheelitc 36" 34'. 

Torberitc 32" 4'. 

Wulfenite 38" IP. 


The form 1 00 § P 00 Naumann ; 203 Miller ; Brooke and I<cvy. 

Torberite 39" 53'. 

Towanito 33" 18'. 

Wulfbnite 46" 21'. 

The form 1 od f,' J P do Naumann ; 302 Miller ; 55 Brooke and^Levy. 

Towanito ... * 55" 55'. 

Wulfenite 67" 2'. 

The form 1 oo 2, 2 P oo Naumann ; 201 Miller ; 5^ Brooke and Levy. 


Anataao 

Braunito 

Idocrase 

Torberite 

Towanito 


74" 14'. 
70" 15'. 
46" 57'. 
68" 15', 
63" 6'. 


Torberite cleaves perfectly parallel to thia form. 


DOUBU POUB-FACEB PYBAMIBS. 


369 


The form 1 oo 3, 3 P oo Naumann ; 301 Miller ; Brooke and Levy. 

Butilo . . . . . 62<* 38'. 

Tin 49® W. 

The form 1 oo 5, 0 P oo Naumann ; 501 Miller; Brooke and Levy. 

Cassitcrite 73® 26'. 

When m becomes infinitely great this pyramid passes into the squoro prism whoso 
sign is looQo; as m approaches to zero the pyramid approximates to the basal 
pinaeoid. ^ 

Double Fouz-faced Pyzainlde deziwed from the Fymnld of the Second 
Order. — Retaining the same base M^ M^ M, M4, as in Fig. 196 
T^o C P3, C P«, as in Fig. 201, equal to m times G Pj, Fig. 196, 
m being any fraction or whole number greater than unity. 

Join P, Mj, P3 M,, &c., as in Fig. 201. 

For Fig. 201 take C P^, or G P4 equal to m tidies G P^ (Fig. 196), 
m being less than unity. 

Join Pfl Ml, P5 M2, &c., as in Fig. 202, and 
the pyramid will be constructed. 

'The series of pyramids, such as Fig. 201, aro 
more acute, and those described as Fig. 202 are 
more obtuse than the original pyramid whose 
symbol is 1 1 1. 

St^mbols.^Tho symbol for these pyramids 
whose faces cut two of the axes at a distance Pig. 202. 

Hg. 201. equal to that of the equal parameters from their 
centre, and the third at a distance m times the greater paramentor, is 11 m» Nau- 

mann*s symbol is mP, MillePs bhly Brooke and Lievy’s a”** 

The poles of these pyramids always lie in the zone <iPd (Fig. 195), those 
of the acute pyramids being between b and those of the acute being between P and 5. 
Axes, — The axes join the opposite four-faced solid angles. 

Inclination of Faces, — If ^ be the angle of inclination of adjacent faces over 
edges Ml M3, M2 M3, &c, (Figs. 201 and 202), 0 that over the edges P# M^, P^Ma, &c., 
a the element of the substance, 

tan. • 

cos^r — (sin. 

Forms of the LoabU four-faced Vyramidy whose Symbol is 11 which have been observed 

in HaturCy together with the Laiitudo of their Poles on the Sphere of Profection. 

The form 1, 1, P Naumann ; 1, 1, 16 Miller; a” Brooke and Levy. 

Wulfenito 7® 55'. 

The form 1, 19 4* ; 4* ^ Naummm ; 1, 1, 7 Miller ; Brooke and Levy. 

Anataso . 7^ .... 19*45'. 

2ii 
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The form 1, 

The form 1, 
The form 1. 
The form 1, 


The form 1, 

The form 1, 
The form 1, 

Tho form 1, 

i ’ 

The form 1, 
Tho form 1, 

The form 1, 

As m increascB 
symbol is 1 1 00 ; 


Ifi; iPNaumaim; l,5Millcr; Brooke and Levy. 
Anatase . .... 26** 14'. 

Apophyllite . . . . 19"* SO'. 

1, •} ; T P Naumann ; 2, 2, 9 Miller ; ai Brooke and Levy. 
Wulfenito 26® 18'. 

1, 1 ^ P Naumann ; 1, 1} 4 Miller; a* Brooke and Levy. 
Towanite 19® 23'. 

1, ^ t P Naumann ; 1, 1, 3 Miller ; Brooke and Levy. 


Anatase ..... 

80* 38'. 

Idocrase 

14® 10'. 

Towanito ..... 

24® 56'. 

Apophyllito .... 

30® 32'. 

Sarcolito .... 

22* 41'. 

Wulfenite .... 

36® 33'. 

Calomel .... 

. 39® 24'. 

Schcelito .... 

34* 68'. 


Wulfcnitc cleaves parallel to this pyramid. 

1, i ^ P Naumaim ; 1, 1, 2 Miller ; brooke and Levy. 

Idocrase 20® 44‘. 

Schcclito 46® 22'. 

Stolzito 47* 66'. 

Towanite 34* 62'. 

1, •} ; P Naumann ; 3, 3, 6 Miller ; ai Brooke and Levy. 
Coasiterito 29® 43'. 

f i # P Baumann ; 3, 3, 2 Miller ; ol Brooke and Levy. 

Towonito 64® 26'. 

Wulfenite 73® 19'. 

1, 2 ; 2 P Naumann ; 2, 2, 1 Miller ; Brooke and Levy. 

Idocrase . . ... . 66® 33'. 

Stolzito ‘ 77® 17'. 

Towanito 70® 16', 

Zircon 61® 6'. 

1, j ^ P Naumann ; 6,6,2 Miller ; ai Brooke and Levy. 
Cossitcrito ^67® 21'. 

1, 3 ; 3 P Naumann ; 3, 3, 1 Miller; ai Brooko and Levy. 

Jdocraso 66® 34'. 

Scapolite 61® 60'. 

Tin 58* 34'. 

Zircon 69® 48'. 

1, 4 ; 4 P Naumann; 4, 4, 1 Miller; ai Brooke and Levy. 

Idocrase 7lo 43', 

in mognitude, this pyramid apjpoaches to the square prism whose 
and when m bccoinps infinite coincides with it. 
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Sphenoid deiiTod firom th^ Pyvemid of the Fixet Oxdex,— By develop in g 
half the faces of the double four-fbced pyramid of the first order, a hcmihedral form, 
with incUned fcuses is produced, which is called a ^henoU or irregular Utrahcdrmi. 
Thus (Fig. 203), the four-faces Pi Gj G4, Pj Gj G3, 

PaGjG,, andPjGaGiof the pyramid Pj G, G, ?• r nc- 

(Fig. 189) being produced till Aey meet, form tho \\ // /j 

sphenoid Gi Qj Q3 Q4 (Fig. 203). Thii sphenoid \ \ / j \ \y/ / 
may be called tho pwrtws Tho other four \ 

faces being produced till they meet, fbrm another *i Tr 
sphenoid equal in all respects to tho former, and \V y/// 

differing only in position ; this is called the negative \ \ y 

sphenoid, ' \ \ 

The sphenoid^ so called from its wedgo-like shape, ^ 

is bounded byfour isosceles triangles, such as Q1Q2Q3; ’ 

has six ^ual edges, such as Qj Q, ; and four three- Pig. 203. 

faced solid angles Q„ 02, O3 and O^* 

To Draw the Sphenoid derived from the Dyramid of (he First Grt&r.— Through F| 
(Fig. 203) draw Oi Qg parallel to Gj G4 ; and through P2, Qg Qa parallel to Gj Gj. 

Make P| Qj and P^ Q, equal to Gj G4, and Pj and Pg O3 

/V equal to Gj. Join Oi Q3, Oi Qo O3 Q31 and Qj 0*. 

/ \ In a similar manner the sphenoids, derived from the doublo 

/ \ four-faced pyramids (Figs. 199 and 200), 

/ \ may bo drawn. 

/ \ To Censtruet the Net for the Sphenoid, A 7i 7 

/ \ —Draw the line Q2 (Pig. 2G4) equal /\ /\ / 

/ \ to twice G^Gg (Fig. 193); on it Ascribe / \ / \ / 

/ \ tho isosceles triangle Oi Q3 Q21 having / \/ \/ 

cig o of its sides, Qj 0* equal ^ ^ V 

HgJOi. ‘ twice PGi (Fig. 192). QiQ,(£wai bo Kg.jos. 
e* * ' a face of thO' sphenoid ; and four tfuch 

faces, arranged as in Fig. 205, will form the required net. 


CrystaU whose Faces occur pardUel to the Sphenoid derivoAfrm the Fyramide of the 
First Order, 

The sphenoid, derived from tho pyramid whose symbol is llao , occurs in Edingtonitc, 
Stobzite, Towanite and TTulfenite; and from the pyramid whoso sign is loo ^ in 
Edingtonite. 

The poles a^ a, of Oiopos&ive sphenoid lie in tho zone Pj M4 (Fig. 105), in tho 
northern hemisphere of the sphere of projection ; and tho other two poles in the zone. 
Mg Pg M3, in tho southern hemisphere : Hg 04, poles of tho negative' spJmoid^ lie in tho 
zone Mg P| M3 of the northern hemisphere ; the poles in the southeiii lie in tho zono 

Ml Pi Mg. 

Sphenoid dezlved from the Pyximld of tho Second Oidex.— By developing, 
as in tho last case, the alternate; faces of the double fouivfaccd pyramid (Fig. 197) whoso 
symbol is 111, two hemihcdrol forms with inclined faces will be produced, which aio 
sphenoidf. . 

To Construct the Sphenoid . — ^Draw the prism Aj Ag A# A7 (Fig. 206) as in Fig. 196. 
Join Ai Ag, Ag Ae, A^ A9, A^ Ag, A, Ag, and A, A«0id Idiopositive spItenoidK^k^h^h^ 
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(Fig. 207) will be drawn. The negative sphenoid may bo conatructed by joining the 
points A, As A 7 , A^ A 5 , A 4 A 5 , A^ A-, and A 4 Ag. 



7h Constrmt the Face of this Sphenoid . — ^Draw A^ A 3 (Fig. 208) equal to tWTcc Mj M.j 
(Fig. 198) ; on it describo tho isosceles triangle Aj As As, having its sides A| Ag, and 
A, Ag, equal to twice P (Fig. 198). Four such triangles, anunged as in Fig. 205, 
will form tho net for this sphenoid. 

In a similar wiftnunr the sphenoids and their nets may be constructed, which arc 
derived from the pyramids whose symbols arc of the form 11 m. 


Crystals whose Faces occar parallel to the Sphenoids derived from Pyramids of the 

Second Order, 

Tho sphenoid derived from tho pyramid whose symbol is 111 occurs in Stolzito, 
Towanitc, n^rid 'W’ulfcnito ; and from the pyramids whoso symbols arc 11 J and 11 J in 
Towanitc. 

Tho poles 5 ^ 5 .^ (Fig. ^ 5 ) of tho positive sphenoid lie in tho zone rfi Pj of the 
northern hemisphere ; and its other polos in the zone dg Pi d^ of tho southern hemi- 
sphere of tho sphere of projection. Tho poles b^ of the negative sphenoid lie in the 
zone di P, d.^ of tho northern, and its other poles in the zone Pj of the southern 
hemisphere. . 

Octagonal Viiam. — ^The octagoned prism^ also called tho ditetragonal prism^ and 
tho right prism on an octagonal base, is a solid bounded 
by ten faces, eight of which, such as Mj Ei Eg Mg, ar*.* 
rectangular porallclogirams, forming tho sides of tlie 
prism. The other two, forming the top and bottom of the 
prism, ore irregular octagons. When this prism is con- 
sidered an open form, its sides alone are considered the 
planes of tho prism, and the two faces which inclose ii 
are the planes of the basal pinacoids. 

jixesr^The rectangular axes, in which the equal 
parameters are taken, join the points M| M 3 , andMgMf*, 
while tho third axis coincides with tho geometrical axis 

of the prism. ^ ntr /-bi' 

Symbols.-— 'Eadh face of the octagonal pnsm cuts one of the axes, as C Mj (.«’ig. 190), 
at a dirtanoo C Ml eqiud to the lenefli ftf one of the equal panunetera; tho other axis, 
IS C Mj, at a equal n tinVihat parameter, where « may represent any whole 



Tig. m. 
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number or fraction greater than unity, and the faco is parallel to the third C P|,in 
which the unequal parameter is taken. 

The symbol which expresses this relation to the axes is 1 n oo . 

Naumann’s symbol for this form is oo F Miller’s hho^ Brooke and Levy’s g . 

Inclination of tlie Faces, — Let ^ bo the angle of inclination of the faces measured 
over the edges E| E5, E2 Eei &c., and B over the edges M2 M^, M3 M7. 

Cos. or tan. = i, and*=;270»— •. 

' ' w* + l V 2 / n ^ 

To Draw the Octagonal Prism, — Describe a square, Gj Gg Gg G4 (Fig. 210) having 
each of its sides equal to twice the arbitrary unit chosen 
for the equal parameters of the system. Let G be the 
centre of tho square, Mj Mj M3 and M4 the centres of 
its sides. Join M^ M3 and Mg M4, Gg G4, and Gj G3. 

Let M^ Ej bo a lino drawn from M^ to meet C M^, 
producedTin a point at a distance equd to n times G Mg 
from G ; and let E^ bo the point where 8iis line cuts G G^. 

Take G Eg, G Eg, and G E4, each equal to G E|. Join 
Ej Mg, Mg Eg, Eg M3, M3 EgJ &c. Through E^ and E4 
draw Dg, and D4 Dg, parallel to Gg. 

M} E| Mg Eg &c. E4, is tlie octagonal base of the Fig. 210. 

prism whose symbol is 1 ft 00 . To draw the prism, 

draw Gi G4 (Fig. 214) ; make G^ G4 equal G| G4 (Fig 210), and divide it similarly in 
the points D| M^ and 1)4. 

Through G^ and G4 draw G^ Gg, and G4 Gg (Fig. 214), making an anglo of about 30** 
with Gj G4. Take G4 M4, G3 Mg, M4 G3, and Mg Gj, equal to half G4 M4, G3 Mg, M4 G3, 
and Mg G^ of Fig. 210. Through D4 and D^ draw D4 D„ and D| D,, parallel to 
Gi G,. 

Take D^ E^, D, Eg, D4 E4, and D4 Eg, equal to half Ep Eg, D4 E4, and D4 Eg 
(Fig. 209). Join M| Ep E^ Mg, &c. Then M^ E^ &c. M4 £4 (Figs. 214 and 209) will 
be a perspective representation of the octagonal base of the prism. 

Through Mj draw M^ M^ (Fig. 209), pexpcndicular to M, £„ and of any height. 
Through Ep Mg, Eg, Mg, &c., draw E^ £5, Mg Mg, Eg Eg, ktg M„ &c., parallel and equal 
to Mj M3. Join Eg Mg, Mg Eg, &o., and Fig. 209 will bo the representation of the 
octagonal prism in isometrical perspccti^. 

Position o f ike poles of the Faces of the Octagonal Prism on the spJtere of prtgeetion , — 
Tho poles of the faces of tho ootagoiul prism always lie in the same zone, and that 
zone is the equator of the sphere of projection; 0| Cg, &c., Cg (Fig. 195) represent these 
poles, each situated at the same angular distance from tho points Mp Mo, M3, and M4. 
The anglo 9, given above, is this angular distance, and is the longitude of tho polo 
reckoning from M^. 

For/ns of Use Octagonal Prtsm^ paraUd to which faces have heefi observed in nature^ 
togetlser with the lohgUudo of their poles on the sphere of projection. 

The form i } oe, 00 F } Naumann ; 230 Miller ; and y ; Brooke and Levy, whose 
longitudo*is 33'* 4F, occurs in crystals of Gaseiteritc, Fcrgiisonite, Rutile, and Wulfenitc. 

The form 1 2 00, oo F 2 Naumann ; 210 Miller ;^nd ^ Brooke and Levy, longitude 
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26** 34', occuTB in Apophyllite, Gassitcrite, Idocrosc, rbosgcnito, Rutile, Scarcolite, and 
Bommervillito. 

The fonn 1 3 go, oo P 3 Naiimann ; 310 Miller ; and Brooke and Levy, longitude 
IS** 26' occurs in Idocrase, Rutile, Scapolite, To\\ranitc, and Wulfcnitc. 

The form I 4 go, oo P 4 Naumann; 410 Miller; and g* Brooke and Levy, longitude 
14® 2', occurs in Rutile. 

The form 1 7 oo, oo P 7 Naumann ; 710 Miller ; and Brooke and Levy, longitude 
8 ^ 8 ', occurs in Rutile. 

To describe a Net for the Octagonal Prim , — Draw two irregular octagons, equal to 
Ml El E 4 (Fig. 210 ), and eight rectangular parallelograms, each equal to Mj Ej E 5 
209), and arrange these ten figures as in Fig. 211 , and the net will ho con- 
structed. 




Hcmihedral Form of the Octagonal Prism , — ^Tho same figure hoing constructed (Fig. 
212 ) ns in Fig 210 . Produce Mi E^ M.. E,, M., lij, and M* E* to meet in Ng, Ng, 
and Na. Also produce E 4 Mj, Ei Mj, Ej Mj, and E 3 JH 4 to meet in Ni, N.^, N 3 , and N 4 . 

Nj Na N 3 N 4 and N, N, Nj will be two squares, which will bo the bases of the 
square prisms which are the positiyc and negative hemihedral forms of the octagonal 
prisms with parallel faces. 

This hcmihedral form has been observed in crystals of Fergusonitc and Wiilfenite, 
derived from the octagonal prism whoso symbol is 1 j 00 . 

Double Slght-foced Pysamid.— The ddhblo eight-faced pyramid, or pyramid 
' on an octagonal base, called also the ditetragonal pyramid, is a solid bounded by sixteen 
faces, each face, such as P, Ej Mi (Fig. 213), being a scalene triangle. It has eight 
fonrfaced solid angles M^ Ej, Mj, &c., corresponding to the angular points of the octa- 
gonal base of the pyramid ; and two cighufaced solid angles Pi and P 3 , forming the 
apices of the pyramids. 

It has eight equal edges, such as P| M|, joining the cight-faced solid angles with 
the four-faced solid angles, through which the axes pass ; eight other equal edges, such 
as Pi El, joining the double eight-faced solid angles to the other four-faced solid 
angles ; and eight more equal edges, such as Mi Ej, joining the two kinds of four- 
faced solid angles. * , 

Axes and The axes in which the equal paiameters are taken join the 

foiu>faced solid angles M| Mj and M 3 M 4 (Fig. 214), and the axis in which the imequol 
parameter is taken joins the points and P^. 
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Eyery fuse of this pyramid cuts one of the axes^ such as M| M,, at a distance 
equal to the arbitrary 
unit, the second M, M4 
at a distance fi tim es that 
unit, n being any whole 
number or fraction 
greater than unity, and 
tho third axis 0 Pj at 
a distance m times ^at 
of the unequal para- 
meter, m being any 
whole number or frac- 
tion greater or less 
than unity. 

Tho symbol which 
expresses this relation 
Fig. 213. of the figure to the 

axes of tho pyramidal systojo, ia 1 mn ; Naumann’s symbol is mPtt; Miller’s hh!; and 
JK)oke and Leyy’s ^ li 

To draw the Double Eight-faeed Ppranttd^-^Tho same construction being made for the 
base of the pyramid (Fig, 210), as for the base of tho octagonal prism whoso symbol is 
00 P la, this baso is to be drawn in perspective (Fig. 214), in tho manner in which tho 
baso of the octagonal prism was directed to bo drawn. Through C draw P| C P, per- 
pendicular to M, M4, take C P] and 0 P^, equal to fn timos tho unequal parameter. 

Join Pi Mj, Pj Ej, Pi Ej, Pi Mj, &c., P^ Mj, P3 Ei, &c,, and tho pyramid will bo 
constructed. 

To describe a Net for the Double Eighl^faced PyrajiiMf.— Draw C N (Fig. 216), equal 
to C N (Fig. 211), and C P perpendicular to C N. Moke G P equal to m times the unequal 
parameter, the length of this parameter being determined by the method given in page 
361, Fig. 186. Join P K 







Then Fig. 216.— Draw Ni Ns equal Ni Ns (Fig. 212), and tako in it the points E| 
and Mj, at the same distance^ from Ni and Ns they are in Fig. 212. 

On Ni N3 describe an isosceles triangle, PN| Ns, having its sides, PNj and PNs, 
equal to P N (Fig. 216). Join P Ei and P Mj. • 

PEi Ms will be the scalene triangle which will be a face of tho double cight-&ced 
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pyramid, and sixteen such triangles, arranged as in Fig. 217, will form the required 
net. 

Indination of the Faeeo of thoDoubU Eightfoeed Pyramti.— Let abe the angular 
element for the substanee among whose crystals faces of this pyramid occur, given in 
page 360. 6 the inclination of adjacent faces, measured over the edges E^, Px E 2 , &c. 
(Figs. 212 and 213) ; ^ over the edges E| Mj, Ex M 2 , &c. ; and ^ over the edges Pi Mj, 
Px M 2 , &c. 

Then if /3 be such an angle that-cot. $ = fi, 

cot. =- cot. a cos. fi cos. t = sin. ^ cos. (45® + P) cos. = sin. fl sin. 

2 m 2 2 ' ^ ' 2 2 

Pooition of tJhe PoUo of die Faces of tho Double Eight faced Pyramid on the sphere of 
prtgeetion , — ^Thc poles of ^c faces T| T 2 , &c., T, (Fig. 213), are represented on the map 
of the sphere of projection (Fig. 195), by Tx Tj, &c., Tg. All tho poles of the upper 
faces of the pyramid occur in tho same circle of latitude in the northern hemisphere of 
the sphere of projection, reckoning the latitude from Pj, and those of the loqror faces 
of the pyramid in the same circle of south latitude, reckoning from Pg. 

Tho angle ^ in tho preceding article will bo the angle of latitude for the faces of 

the pyramid ; and P wHL be the longitude of Tx, reckoning £ho longitude fi-om PxMx H 
the first meridian of longitude. 

The longitude of Tj will be 90® — P, of T 3 90® + jS, of T 4 180 ® — cast of Mx, 
while the longitude of Tg, T,, Tg, and Tg will be the same angles west of Mx* 


Crystals whose Faces occur parallel to the Double Eight faced Pyramid^ together with their 
Latitude and Longitude on the sphere of profection, 

Tho form 1 , 5, P 5 Naumonn ; 5, 1, 19 Miller ; and big Brooke and 

Levy. 

Anatase, Lat 25® 30'. Lon. 11 ® 18. 

Tho form 1 , 3, ^ ^ P 3 Naumann ; 3, 1, 6 Miller ; and 5^ 5i gi Brooke and Levy. 
Towanite, Lat. 27* 27'. Lon. 18° 26'. 

Tho form 1 , 2 , 1 ; P 2 Naymann ; 2 , 1, 2 Miller ; and 5^ bigi Brooke and Levy. 
Schcclito, Lat. 58® 55'. Lon. 26® 34'. 

Tho form 1 , 3, 1 ; P 3 Naumann ; 3, 1 , 3 Miller ; and b^ 5^ gi Brooke and Levy. 
Cassitcritc, Lat. 35® 20 '. Lon. 18® 26'. 

ButUo Lat. 34® 11 '. Lon. 18® 26'. 

Sorcolite, Lat. 43® 5' I^n. 18® 26r. 

Tho form 1 , 3, | ; f P 3 Naumann; 3, 1 , 2 Mfilcr ; 5» b^ g^ Brooke and Levy. 
Idpcrasc, Lat. 40° 41', Lon. 18® 26'. 

' The form 1 , 2 , 2 ; 2 P 2 Naumann ; 2 , 1, 1 Miller ; 5^ h\ g^ Brooke and Levy. 
Idocrase, Lat. 50® 7'. Lon. 26° 34'. 

Phosgenite, Lat. 67® 36'. Lon. 26® 34 '. 

The form 1 , f, 3; 3 PfNaumann; 3, 2, 1 Miller; 5^ g^ Brooke and Levy. 
Gassiteritc, Lot. 67® 35'. Lon. 33° 41'. 

Fergusonite, Lat. 79® 17'. Lon. 33 ° 41'. 

Entile, Lat. 66 ® 42'. Lon. 33 ® 41'. 
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The form 1 , 3, 3 ; 3 P 3 Naumann ; 3, 1 , 1 MUlcar ; 6^ g\ Brooke and Levy. 

Braiinite, Lat. 77“ 13'. Lon. 18“ 26'. 

Idocraso, Lat. 59“ 25'. Lon. 18“ 26'. 

Saicolitc, Lat. 70“ 23'. Lon. 18“ 26'. 

Scapolitc, Lat. 54“ 18'. Lon. 18“ 26'. 

Scheelite, Lat. 77“ 58'. Lon. 18“ 26'. 

Zircon, Lat. 63“ 52'. Lon. 18“ 26'. 

The form 1 , 2 , 4 ; 4 P 2 Naumann ; 4, 2 , 1 Miller ; 5 ^ Brooke and Levy. 
Idocrasc, Lat. 67“ 20 '. Lon. 26“ 34 '. 

The form 1 , 4, 4 ; 4 P 4 Naumann ; 4, 1, 1 Miller ; b^ g^ Brooke and LcTy. 
Idocrasc, Lat. 65“ 37'. Lon. 14“ 2 '. 

Zircon, Lat. 69' 23'. Lon. 14“ 2 '. 

The form 1 , 5, 5 ; 5 P 5 Naumann ; 5, 1, 1 Miller ; b^ 5^ g^ Brooke and Levy. 

• Idocrase, Lat. 69“ 53'. Lon. 11 ® 18'. 

Tbwanite, Lat. 78“ 44'. Lon. 11 “ 18'. 

Zircon, Lat. 73“ O'. Lon. 11 “ 18'. 

BeniihadEal Double Fou]f-£aeed Pysainld. — If we represent the eight upper 
flEicea of the double oxghufaeed pyramid (Fig. 213) by the symbols T„ Tj, T 3 , T 4 , T*, 'f*. 




T7 and Tg, and the corresponding lower faces by T'j, T'g, T'.^, T'4, T'a, T'g, T'7, and Tg. 
Then if the eight faces Tj, T'^, 'I,, T'g, T*, T' 5 , T-, and T',, be produced till they meet, 
the resulting form will be the double four-foced pyramid Pj Ng Pg, &c. (Fig. 219). If 
the other eight faces of the double eight^faced pyramid^ T*, T'o, T4, T'4, Tf,, T'ci.Tg, and T'g 
be produced to meet, they will form the double four^faced pyramid, P| Ng Pg, &c. 
(Fig. 218.) 

These pyramids are equal to each other in every respect, and differ only in 
their situation with regard to the axes of the pyramidal system. 'They are the poei^ 
five and negative hemihedrat forms with parallel faces of the double eight-faced pyramid. 

Tie axis in which the unequal parameters ore taken join the apices P| and Pg in 
both pyramids. The position in which the otier two axes cut the bases of these pyia* 
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mida will bo seen by refeiring to Fig. 212, where the lines Nj Nj, Nj N3 N4, and 
N4 N|, forming the square Nj Ng N3 N4, formed by producing the edges Ej li^, M,, 
£3 ^49 E4 M| of the base of the double eight-faced pyramid, is the base of the pyra- 
mid Fig, 218 ; and the square N, N7 Ng formed by the other edges of the base of 
the double eight-faced pyramid, is the base of the pyramid Fig. 219. 

Ml M3 and Mg M4 will be the axes in both pyramids. 

To draw iJie Hemihedrdl LotibU Four-faced Pyramtd«.— Draw the double cight-fimed 
pyramid as described for tho construction of Fig. 214. Produce Ej M,, Eg Mg, Eg M4, 
and E4 Mj (Fig. 218), to meet in tho points Nj Ng N3 and N4. Join Pj Nj, Pi Ng, &c., 
Pg Nj, Pg Ng, &c., and Fig. 218 will be constructed. 

Produce Mi Ei, Mg Eg, Mg E., and M4 E4 to meet in N5 Ng N7 and Ns, and Join these 
points with Pj and Pg, and Pig. 219 will bo constructed. 

To Comtruet a Net for the Hemihedral Double Four-faced Pyramid, — ^Tho isosceles 
triangle P Nj Ng (Fig. 216) is a face of the double four-faced pyramid derived from 
the double eight-faced pyramid whose face is P Ei Mg ; and eight of these triangles, 
arranged as in Fig. 194, will form tho required net. ^ 

Faces Parallel to the Hemihedral Double Four-faced Pyramid which occur in Nature, 

In Schcclito from the pyramids 1, 2, 1, and 1, 2, 3. Sorcolitb from the pyramid 1 , 3, 1, 
and Fergusonito from tho pyramid 1, |, 3. 

Tetaartohedral Fonn.— From each of tho hemihedral double four-faced p3rra- 
mids, two sphenoids may be derived by the development of half their faces, just as 
sphenoids are derived from tho other double four-faced pyramids of tho pyramidal 
system. These sphenoids would consequently bo formed by the development of a 
fourth of tho faces of tho double eight-faced pyramids,, and are therefore called tetar- 
tohcdral forms of that solid. It is doubtful whether any of these forms have been 
observed in nature. • 

Fyzamidal Tiapezoliedzon. — Tho pyramidal irapezohedron^ also called 
tho tetragonal trapezohedren^ is a solid (Fig. 220), 
bounded by eight faces, each of which is an irregular 
trapczuim, such as P| Sj Lg (Fig. 220), or P S Lg 
(Fig. 216). It has two foui^aced solid angles, Pj and Pg, 
and eight more four-faced solid angles equal to ono 
another Lj Lg Lg L4, and S^, Sg, Sg, S4. It has eight 
edges equal to P L, (Fig. 21G) four equal to L| 84, and 
four equal to Lg Sj. 

Tho pyramidal trapezohedron is a hemihedral form^ 
with inclined faces of tho double eight-faced pyramid, 
and is formed by producing tho eight faces Tj, T'g, Tg, 
T'4, Tg, T^g, T7 and T'g, to meet ono another. A sin^ar 
* and equal trapezohedron would be formed by producing 
tho faces |, Tg, T^g, T4, !Pg, Tg, T7, and Tg to meet. 

This trapezohedron may also be regarded as formed by 
tho combination of the upper half of a positive hemihe- 
dral four-faced pyramid, with the lower half of its cor^ 
responding negative hemihedral four-faced pyramid.^ 

To Draw the Pyramidal TVopemAedron.— Draw tho base of the double eight-fkced 
pyramid M4 Ej, Mg Eg, &c. (Fig. 214), and its axis P| Pg (Fig. 221). P^uce Mg Eu 


P. 



Fig. 220. 



THE PYBAMIBAL SCALENQUEDEON. 


379 


M3 Eo, &c., to meet in N5 N* N7 and N^, as in Fig. 212 ; and M,, M.^, Eg, &c.| to 
meet in Nj N3 N3 N4. 

Join N„ N3 and N4 with Pi and N5, Ng, N7 
and Ng with 

Then (Fig. 212) join C Nj, cutting Mj Ej in K. 

In Fig. 215, tako C K equal to C £ (Fig. 212), 
and through £ draw £ L perpendicular to G N 
meeting P N in L. 

In Fig. 221, take C Hi and 0 Hj in Pj Pg, equal 
to £ li (Fi^* 21^)* 

Through Hi ^awLi L3 parallel to Nj N3, meet- 
ing Pi Ni and P| N3 in Li and L3, and Lj L4 parallel 
to No N4, meeting Pj N,, and Pi N4, in lij and 14. 

Through H3 draw Sj S3 parallel to Ng, and 
Sj S4 parallel to N7 Na. 

Join lii Sj L3, Ija So Lo, &c., ns in Fig. 220, and 
the trapezohedron will be constructed. 

To Describe a Kct for the Pyramidal Trapezohedron. — In Fig. 216, tako P Li and 

and P L2 in P Ni and P equal to 
P L, Fijj. 215. 

^oin Lj £| and Lg Mg, and produce 
these lines to meet in S. 

P Li S Lg will be a faco of tho 
trapezohedron ; and eight such faces, 
arranged as in Fig. 222, will form the 
required net. 

Faces parallel to the Pyramidal Trapezohedron which occur in Jiature,— Faces parallel 
to tho pyramidal trapezohedron have only been obserred in crystals of Scax)olitc, 
derived from the double eight-faced pyramid whose symbol is 133. 

Pyramidal Scalenohedzon. — Tho pyramidal scalcnohedron^ also ealled tho 
ietragtmal scalenohedron^ and by somo the diplo- 
tetrahedron^ is a solid bounded by eight faces, 
each of which, such as P| £4 £3 (Fig. 223), is a 
scalene triangle. % 

This is a hemihedral form^ with inclined faeesy 
of the double eight-faced pyramid, and is derived 
from it by producing the faces T^, Ti, T g, T'3, 

T4, T., T'e and T', (Fig. 213), to moot one another. 

Another scalcnohedron, equal in all respects to 
this one, but differing in position, will be formed 
by producing T,, T'l, Tg, T,. T'4, T, and Tg.^ 

One of these may bo called the positive ond tho 
other the negative scalenohcdron. 

This form has two four-faced solid angles 
Pi and Pg, equal to each other ; qnd four others, 

£i £3 £3 and £4, equal to 'each other. FJg. 223. 

To draw the Pyramidal Scalenohedron,--J)n,w the base of tho double eight-fiiccd 
pyramid Mj Ej Mg, &c. (Fig. 224), as described for Fig. 214, as well as its axis Pj Pg. 
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2 B, in K,, Ps Ms to meet P| Bi in 
"Ki, P| M3 to meet P2 B4 in K4, and 
l 2 M4 to meet P^ B2 in IL^. 


Produce and M3 E3 to meet in B^, M^ E4 and M3 E, to meet in B2, also M, E^ 

M4 E4 to meet in B3, and M^ E2 and 
M4 E3 to meet in B4. • 

Join P| M^ and produce it to meet 

.... 

Pi. . 

Join ^1* B4 £^21 E2 B31 and 
E3 E^, as in Fig. 223, and the sca- 
lenohedron will be constructed. 

2b desert a Net for the Pyra-- 
midal Sealenohedron, — Draw a line 
G P| (Fig. 225), peipendicnlar to 
the line C B,. Tahe C P| equal to 
G P (Fig. 215), and G M| equal G M^ 
(Fig. 212). Make G B2 equal w, 
times G Ml ; 1 m #t being the symbol of the double eight-faced pyramid, from which 




angle M3P B,, having its side M2P eqAd Mi Pi (Fig. 225), and its sido P B3 equal to 

B2P2 (Fig. 225). 

In M3 B3 take M2 E equal M, E, (Fig. 
225), and in B, P, B3 E3 equal to B2 E2 (Fig. 
225). 

Join E 3 E, and produce it to meet P Mi 
produced in Ei. P Ei E 3 will be a fbcc of 
the required scalcnohedron ; and eight sucdi 
faces, arranged as in Fig. 227, will form the 
net for the scalcnohedron. 

Fcteee parallel to the Pyramided Scalenohedvon which occur in Nature, 

Faces parallel to this form have only been observed in crystals of Towanite or 
pyramidal copper pyrites, derived from the two double eight-faced pyramids whose 
symbols are 1, 3, and 1, 5, 5. 










382 


COMBINATIONS OP THE FYBAMIBAL SYSTEM. 


Principal eombinationc of tJie Pyramidal Systetn . — A diligent study of the figures of 
these combinations, as already given, -will enable us to read most, if not all, of the more 
complex combinations of this system. It is impossible, consistently with the limited 
space of an elementary work, to give all these combinations ; but wo hope those we 
have given will be quite sufficient for the purposes of the student. 

Fig. 228. The double eiyht-faeed pyramid, a a a, &c., whoso symbol is 1 ft m, with 
the alternate four-faced angles at its base replaced by fhces b b, &c., of the four-faced 
pyramid whose symbol is 11 nC, 

Fig. 229. The donblo eight-faced pyramid, a a a, &c., whoso symbol is 1 nnt, with 
the edges of its base replaced by fhees b b, &c., of the octagonal prism whose symbol is 
l,#l, 00. 

Fig. 230. The double eight-faced pyramid, a a a, &c., whoso symbol is 1 ft m, with 
the alternate four-faced solid angles of its base replaced by two faces, b b, &c., of the 
octagonal prism whose symbol is 1, ti, oo. 

Fig. 231. The double eight-faced pyramid, aaa, &c., whose symbol is 1 ft m, with the 
alternate four-faced solid angles of its base replaced by faces b b, &c., of tho square 
prism whose symbol is 1 1 oo. 

Fig. 232. Tho double eight-faced pyramid, aaa, &c., with its eight-faced solid 
angles replaced by planes P P of the basal pinaeoid whose syihbol is oo oo 1. 

Fig. 233. The double four-faced pyramid, aaa, &o., whose symbol is 111, with the 
edges at its base replaced by faces b b, &c., of tho double four-faced pyramid whoso 
symbol is 1 1 m. 

Fig. 234. Tho double four-faced pyramid, aaa, &c., whoso symbol is 1 1 1, with its 
edges replaced by faces bb, &c., of the double four-faced pyramid 1 oo 1. 

Fig. 235. Tho double four-faced pyramid, aaa, &c., whoso symbol is 1 1 1, with 
tliti four-faced angles at its base replaced by two planes of tho octagonal prism I ft oo. 

Fig. 236. Tho double four-faced pyramid, aaa, &c,, whoso symbol is 1 1 1, with 
the edges at its base replaced by faces b b, Ac., of tho square prism 1 1 oo. 

Fig. 237. Tho double four-faced pyramid, aaa, &c., whose symbol is 1 1 1, with 
tho four-foccd angles at its base replaced by faces b b, &c., of the square prism 1 oo oo. 

Fig. 238. Tho square prism, aaa, &c., whoso symbol is 1 oo oo, inclosed by faces 
b b, &c., of the double four-faced pyramid 111. 

Fig. 239. The sqtMre prism, bbb, &c., whose symbol is 1 1 oo, with its edges 
replaced by planes a a, &c., of tho octagonal prism 1 ft oo, and inclosed by tho planes 
P, P of tho basal pinaeoid. 

Fig. 240. T^ square prism, bbb, &c., whose symbol is 1 1 oo, with its edges 
roplaccd by planes a a, &c., of tho square prism 1 oo oo, and enclosed by planes P, P of 
the basal pinaeoid. 

Fig. 241. The positive sphenoid, a a, &c., derived from tho double four-faced 
pyramid 111, with its three-faced solid angles replaced by planes 5 5, &c , of the 
negative sphenoid derived from tho samo pyramid. 

Fig. 242. The positive sphenoid, a a, &c., with its three-faced solid>anglc8 replaced 
by faces bb, &c , of tho square pmsm 1 1 oo. 

Fig. 243. The positive sphenoid, a a, &c., with four of its edges replaced by faces 
b b, &c., of tho square prism 1 oo oo. 

Fig. 244. The double four-faced pyramidpa a, &c., whose symbol is 1 oo 1. with 
four of its edges replaced by facos b b, &c., of the sphenoid derived from the double four- 
faced pyramid 1 1 w». 
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Fig. 246. The dovhU four^faced pyramid^ aa^ &c., whose symbol is 1 oo 1, with the 
solid axigles at its apices replaced by faces b 6, &c., of the sedlemhedron^ derived from 
the iovblh eighi-faced pyramid 1 nm. 

Fig. 246. The dauhh four-faced pyramid^ a a, &c., whose symbol is 1 oo 1, the 
solid angles at its apices replaced by faces b b, &c., of the sphenoid derived from tlie 
doMe four-faced pyramid 1 1 m. 

Fig. 247. A complex holohcdral combination of several forms of tlio pyramidal ' 
system in a crystal of Idocraso or pyramidal Garnet described by Mohs. 

P, planes of the basal pinaeoid oo oo 1. 

Square prwns^ M of the prism 1 oo oo, d of the prism 1 1 oo. 

Oelagonalprism^foi^o prism 1, 2, oo — A of the prism 1, 3, oo. 

IhubUfour-foced pyramids^ o of the pyramid 1 oo 1 — ^ of the pyramid 1, 1, 1 — 6 
of the pyramid 1, 2, 1 — r of the pyramid 1, 4, 1. • 

LoubU eight-faced pyramids^ z of the pyramid 1, 2, 2 — s of tho pyramid 1, 3, 3 — 
» of the pyramid 1, 4, 4 — a of the pyramid 1, 2, 4 — e of tho pyramid 1, 3, f . 

Fig. 248. A complex hemihcdral combination of forms of Iho pyramidal system in 
a crystal of Towanito or Pyramidal Copper Pyrites, described by Naumann, to whose 
works wo toko this opportunity of expressing our great obligation. 

Pf faces of thc^MiViVa ephemid derived from the four-faced pyramid 111. 

j/, faces of tho negative sphenoid derived from the same pyramid. 

A, faces of the sealemhednm derived from tho double eight-faced pyramid 16 6. 

a, faces of ihe four-faced pyramid 1, oo, 2, and m those of the square prism 1 1 go* 

THIBD SYSTEM— BHOHBOHEDRAL. 

This system is called tho rhombohedrdl when its forms are derived from the rhomboid ; 
tho hexagonal when derived from the regular hexagonal prism^ or tlie double pyramid on a 
hexagonal base. It has also been colled the monotrimetrical and ihree-and-oue axial^ from 
the properties of its axes. 

Tho holohcdral forms of this system arc, two kinds of right prisms on a regular 
hexagoned base ; two orders of double six-faced pyramids on regular hexagonal bases ; the 
double twelve-faced pyramid ; end the right pf'ism on a twelve-sided base. 

From each of these, by producing half tlieir faces to meet one another, hemihedral 
forms arc derived. 

The hemihcdral forms, with inclined faees^ are the triangular prism^ derived from tho 
hexagonal prism ; tho double three-faeed pyramid^ derived firom tho double six-faced 
pyramid; the double six-faced irapezohedron^ derived from tho double twelvc-&ccd 
pyramid* 

The hemihedral forms, with parallel faces^ are tho hexagonal prism^ derived from tho 
twclve-ftced prism; tho double six-faced pyramid^ from tho double twelvc-faccd 
pyramid ; tho rhomboid^ from tho double six-faced pyramid i and tho hexagonal seedeno- 
Wfwi,* derived from tho double twelve-faced pyramid. ^ 

The UtartohedradioixoA are tho triangular pmm from the twelvSfaced prism; the 
rhondmd^ double three-faced pyramid^ and double three-faeed trapczohedron^'^^dUl derived 
from the double twelve-faced pyramid. 

Some of those forms are ei^er so rare or so doubtful, that we diall confine our 
descriptions to tho different kinds of prisms, the double six-faced pyramids, the rhom- 
boid, and the scalenohcdron. 
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Alphabetical List of MincraU hchnging to the Rhombohcdrai Syctemy together with the 
Angular ElemenUfrom which their Typical Form and Axes may he derived. 


Alunitc (Alum Stono) 



62« 46'. 

Ankcrito .... 



43® 64'. 

Antimony .... 



66® 28'. 

Apatite (Fhospliato of Lime) 



65® 40'. 

Arsenic .... 



67’ 51'. 

Biotito (Mica) .... 

• 


70® 00'. 

Bismuth .... 

• 


66® 24'. 

Breitbauptite (Nickel Antimonial) 

• 


69® 47'. 

Breunnerito .... 



43® 8'. 

Brucite .... 



Unknown. 

Calamine .... 



42® 57'. 

^ Calcite (Carbonate of Lime) 



44® 37'.. 

Chabasio .... 



60® 45'. 

Cbalybitc (Carboniferous Oside of Iron) 



43® 23'. 

Chlorito ^ . . . 



66® 2'. 

Clintonite .... 


• 

Unknown. 

Cinnabar (Sulphurct of Mercury) 


• 

69® 17'. 

ConneUito (Sulphate Chloride of Copper) 


• 

Unknown. 

Coquimbitc .... 


• 

43® 60'. 

Conin jum .... 


• 

67® 34'. 

CovcUine 


• 

Unknown. 

Cronstedtite .... 



Unknown. 

Dayyno .... 



69® 16'. 

Diallogitc (Carbonate of Manganese) 



43® 29'. 

Dioptasc .... 



60’ 39'. 

Dolomite (Bitter Spar) . 



43® 62'. 

Emerald . • . • 



44® 66'. 

Eudialyte .... 



67’ 42'. 

Fluocerito (Neutral Fluato of Cerium) . 



Unknown. 

Gmclcnitc .... 



Doubtful. 

Graphite .... 



Unknown. 

Greenockitc (Sulphurct of Cadmium) 



68’ 47.' 

Hematite (Specular Iron) 



67’ 30'. 

Hydrargillito .... 



Unknown. 

Ice .... . 



Unknown. 

llmcnito .... 



67’ 30'.* 

Kupfemickcl (Copper Nickel) . 

• 


68® 36'. 

Levyno . . • . . 

• 


43® 69'** 

agnesife (Corbonato of Magnesia) 



43® 4', 

Mesitino .... 

• 


43® 14'. 

Millerite (Native Nickel) 

• 


20® oO'. 

Mimetite (Arseniate of Lead) . 

• 

• 

66® 19'. 

• Molybdenite (Sulphurct of Molybdona) 

• 

• 

Unknown. 

Nephelino . . • ' . 

■ 

• 

69’ 10'. 
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UEXAGONJLL PBISHS. 


Nitratine (Nitrate of Soda) 

• 

• 

43* 40'. 

Osmiridium 

a 

. 

68* 27'. 

Parasite 

• 

. 

81* 20'. 

Phenakito . . • 

• 

. 

37* 19'. 

Plattncrito 



Unknown. 

Polybasitc 



70* 31'. 

Proustitc (Red Silver) . 


. 

42* 61'. 

Pyrargyrito (Sulphuret of Silver and Antimony) 

42* 18'. 

Pyromorphitc (Phosphate of Lead) 



65* 49'. 

Pyrosmalite 



46* 42'. 

Pyrrhotinc (Magnetic Iron Pyrites) 



60* 7'. 

Quartz .... 



61* 47'. 

Ripidolitc 



66* 2'. 

RioUto .... 



Unknown. 

Spartalitc 



37* 30'.^ 

Stilpnomelanc 



Unknown. 

Susannito 



68* 38'. 

Tamoritc (Arseniato of Copper) 



71“ 16'. 

Tellurium 



67* 36'. 

Tellurwismuth • 



Unknown. 

Tctradymitc 



74* 44'. 

Tourmaline 



27“ 20'. 

Yanadinitc (Vanadiate of Lead) 



Unknown. 

Willemito 



30* r. 

Xonthocono 



69* 30'. 


Hexagonal Pziama of the Fizat and Second Ozdez.— As in the pyramidal 
system, the two square prisms differ only in size and position, so in the rhomboidal 



system the hexagonal prisms differ from one another in the same manner. The hexa- 
gonal prism is a right prism standing on a base which is a regular hexagpn ; it is 
bounded therefore by eight faces, six of which— such as Bjs B7 (Fig. 249), and 
A| Ai 2 Af (Fig. 250)— aro rectangular parallelograms forming the sides of the 
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prism ; tho other two faces, forming the top and bottom of the prism, arc regular 
hexagons. 

By many writers the sides only of the hexagonal prism are considered as the faces 
of the hexagonal prima ; tho form being considered an opm one. The two hexagonal 
faces which inchee it are then called haeal pinaeoxda. 

Axes of the Bexagonel Pxiem, and of the Bhomhoidal System-— 
Let P| and P, bo tho centres of tho hexagonal faces of tho two hexagonal prisms 
(Figs. 249 and 250). 

Join P| P 2 . Bisect P| P 2 in 0. 

Let M^, M 2 , &c., Mf, be the centres of the edges B^ B 7 , Bo Bg, &c., Bg of the 
hexagonal prism of the first order (Fig. 249). 

Join Mg, Mg M„ &c., Mg Mp 

Bisect Mg M|, M^ Mg, Mo M^, &c., by G|, Go, Gg, &c* 

Join G^ G 4 , Go G 5 , and G 3 Gg, cutting one another in G. 

Let Gp Go, &c., Gg, be tlio centres of the edges of the hexagonal prism of the second 
order (fig. 250). 

Join G^ G 4 , Gg G 5 , and G 3 Gg, cutting one another in G. 

Then in tho case of both prisms, Pj Pg, G^ G 4 , Gg Gg, and G, Gg will bo tho axes of 
the prisms, and of the rhomboidal system. 

It follows, therefore, that in this system tlioro are four axes, three of which lio 
in tho same plane, and are inclined to each other at an angle of fiO** ; and the thiiri 
posses through their intersection, and is perpendicular to their plane. G G^ G Gg G G„ 
are the three equal parameters of this system, and a fourth unequal parameter is 
token in tho axis G P^. The forms of tho rhomboidal system are derived from these 
axes by most of tho continental crystallographcrs ; but Professor Miller refers them 
to tlircc equal axes derived from a particuhur rhomboid for each substance, in tho 
following manner. 

Let Pi Bi Bg, &c., Pn, (Fig. 251), bo a particular 
rhomboid (/. e., a figure bounded by six equal 
rhombs), chosen, for each substance which crystal- 
lizes in this system, as its typical form. Join tho 
opposite angles of every face. Let bo the point 
where P^ meets llg Rg ; 1 I| is the centre of tho 
face Pi Ri Rg Rg. Let Hg, Hg, II4, Hg and llg, bo 
tho centres of tho other faces of tho rhomboid 
found in a similar manneri 

Join III ^2 Hg, and Hg Hg, tho centres of 
tho opposite faces of the rhomboid, cutting each 251. 

other in tho point G. 

Ill ^ three equal axes of Professor Miller, and 

G Hi, G Ilg, and G II3, the three equal parameters. • '• 

Professor Miller refers tho forms of tho rhomboidal system to these three axes, 
equally inclined to one another, and with equal parameters. Tlie inclination of ihcsn 
axes, and tho len||th of tho equal parameters, will differ for each particular substance, 
and depend upon its angular .element. In tho previous system of four axes, the incli- 
nation of the axes aro tho somo for every substance ; but the length of the unequal 
parameter will depend upon tho angular dement for each substance. 

Both systems have their advantages. Professor MilleFs is more consistent with 
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PABAKETESS. 


the method adopted in olher syatemsy as all of them are refcTTcd to three axes^ and his 
f>)rmula) also possess the advantage of being readily translated into those of Haiiyi 
and the modifications of his system by Brooke and Levy. The system of four axes, 
however, by its formuloo, gives a clearer view of the relations of the various forms to each 
other ; and the axis in which the unequal parameter is taken is one of considerable 
importance, being the optic axis, in the case of every transparent substance crystallizing 
in the forms of the rhomboidal system. For these reasons we shall adopt the system 
of four axes, translating its formu^ into those of Professor Miller. 

Pazameteraa — ^Take any arbitrary line C (Fig* 252) as the length of the three 

cquid parameters. With 
G as a centre, and C G| as 
radius, describe the circle 
G^ G2'G3. 

Take chords G^Gj, G.^ G 3 , 
&c., Gq Gj, cadi pqual to 
GGi. Join CGo,GG 3 ,&c., 
C Gg. Gj Ga G 3 , &c., Gg, 
will be a regular hexagon 
inscribed in the circle 

G1G3G3. 

GjG 4, G3G5, and GsGg, 
will bo three axes wHch 



lie in the same plane ; 0 G^, G G^, G G 3 , the three equal parameters. 

To determine the fourth parameter which lies in the axis passing through C per^ 
peudicular to this plane, draw C H perpendicular to G^ Gg. Then (Fig. 263) take G H 
equal CH (Fig. 252), and draw G P, making an angle P 0 H, equal to the angle given os 
the angular element for the particular substance whose parameters aro to be obtained. 

Through H draw II P perpendicular to C 11, and meeting C P in P, II P will bo the 
length of the fourth parameter. 

To Draw the two HexagontU Prisms, — ^Through each of the points Gj G.^, &c., Gg 
(Fig. 252), draw Mg M^, lilj Mo, &c.. Mg Mg, perpendicular to 0 G|, C G 3 , &c., G Gg, 
meeting each other in the points Mj M 3 , &c., Mg. M^ Mo and Mg is a regular hexagon 
circumscribing the circle G^ G 3 Gg. 

Mj M 3 , &c.. Mg, is the hexagonal base of the hexagonal prim of the first order* 
G| Gg, d;c., Gg, that of the hexagonal prism of the second order* 

Through M^ and M4 draw D 3 and D 4 B3 parallel to Gg G3, meeting Mg Mg and 
Ml M 3 produced in the points D 4 D| D 3 and D 3 . 

Join Gj G 4 and G^ Gg, and produce both ways to meet Dg in Eg and E^, and 
1)3 D 4 in E 3 and E 4 . 

Thg^^for the hexagonal prim of the first order (Fig. 249) draw D 4 equal Dj D 4 
(Fig. 252), and D 4 D 3 , making an angle of about 30^ with D 4 Dp Draw D^ Dg 
parallel to D4 D3. 

In D/D 4 (Fig. 249) take D^ Mg, D| Gg, and D^ Mg, equal to D| Mg, D^ Gg, and 

Mg (Fig. 252) ; also in D^ Dg take D| Ep D^ Mp D| Eg, D^ D* (Fig. 249), each 
equal the half of Dj Ep D| Mp D^ E,, and D, Dg (Fig. 252). 

Take D4 E4, Dg Mg, Dg Eg, Dg D3 (Fig. 249 ), each equal to D| Ep D| M}*, D| Eg, 
and D| Dg of the same figure. Join Dg Dg, and make Dg Mg, Dg Gg, Dg M3, ea(^ equal 
to Dj Mg, D| Gg, D| Mg. 
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Join Mg, M| M,, M3 and M^, also E4, cutting Mi M^ in G^, and M4 M5 
in G5, likewise join Ei E2, cutting M4 M3 in G4, and Mi M.^ in G^. 

Join Gi G4, Ga Gg, and G3 G,, intersecting in the point C. 

Through M^ draw Mq Bg perpendicular to Mg Mg. Take Mg Bg of any conyenient 
length. Produce Bg Mg to Bjai make Mg Bjg equal to Mg Bg. 

Through Mj Mj, &c., Mg, draw B^ B7, Bg Bg, &c., Bg each parallel to Bg B^, 
and take Mi Bi, Mi B7, &c., each equal to Mg Bg. 

Join B| B.j, Bg B3, &o«| Bg Bi, andB^ Bg, Bg Bg, &c>, BigBi^. 

And the hexagonal prism of the first order will bo constructed. 

Through 0 draw Fi Pg parallel to Bi B7 ; take C Pi and C Pg equal to Mi B|. Then 

^21 ^1 ^2 ^5} ^3 ^61 prism. 

To draw the hexagonal prism of the second order, let Pi Pa, Gi Gg G3, d:c., Gg (Fig. 
250 ), bo determined in the same manner as in Fig. 249 . 

Through Gi G^, &c., Gg, draw Ai Aj, Ag Ag, &c., Ag A12, parallel to Pi Pg, and 
Gi Ai, Gi Ag, Gg Aa, &c., each equal to C Pi- 

Joiif Ai Aa, Ag A3, &c., and Ag, Ag Ag, &c., and the hexagonal prism of the 
second order will be described. 

^21 ^1 ^4i ^2 ^3 ^61 prism. 

Each face of ^ho li/txagonal prism of the first order cuts one of the axes 
in which the equal parameters are taken at distances equal to that parameter, and the 
two adjacent axes in the same plane at distances equal to twice the equal parameter, 
and is parallel to the axes in which the foiirth unequal parameter is token. 

Thus the face Bi B; Big Bg (Fig. 249 ), if produced, would cut the axis C Gj in Gi, 
the axes G Gg, and G Gg produced in points at a distance equal to twice G Gi from G ; it 
is also parallel to G Pp 

The symbol which represents these relations to the axes is 1, 2. co . 

Naumann’s symbol is 00 P 2, Miller’s 0 f 1, Brooke and Levy’s modification of 
Ilaiiy or g\ according as the rhomboid or hexagonal prism is taken for the primi- 
tive. 

Each face of the hexagonal pri^ of the second order cuts two adjacent axes, 
in which the equal parameters are taken, at distances from the centre, equal to the 
equal parameter, and is parallel to the axis in whicli the unequal parameter is taken. 

Thus (Fig. 250 ) the face of the prism, A| Ag Ag A7, cuts the axes G Gi and G Gg in 
the points Gi and Gg, GGi and G Gg being both equal to tho equal parameter, and is 
parallel to the axis GPi. 

The symbol which represents those relations to the axes is 1 1 00, Naumann’s 
symbol is 00 P, Miller’s, 2 fl, Brooke and Levy’s, or m, according as tho rhomboid 
or hexagonal prism is taken for the primitive. 

The basal pimeoids^ which inclose the prisms of both orders, arc perpendicular to 
the axis G P, and parallel to the other axes ; their symbol, therefore, is co 00 ^1.^ 

Naumann’s symbol is 0 P, Miller’s, 111 , Brooke and Levy’s or p, according as 
the rhomboid or hexagonal prism is taken for the primitive. 

To describe a Net for the Hexagwial Prisms , — ^The regular hexagon M^ Mg, &o., Mg (Fig. 
252 ), will form the top and bottom of the hexagonal prism of the first order, the hexagon 
Gi Gg, Ac., Gg, those of the hexagonal prism of tho second order. Draw a rectangular 
parallelogram, having two of its opposite si^es equal to the side of tho regular hexagon, 
and tho other two equal sides of any convenient length. Arrange two equal regular 
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hexagonBi and six equal paraUclogramsi as in Fig. 253| and the net will be constrooted. 



The hexagons b^ing taken equal to M| Mj, &c., Me, for the prism of the first order, 
and to Gj &c., G^, for that of tho second order. r 


MwerdU whose cryetaU present faces parallel to the hexagonal pristn of the first order^ 
whose symbol is 1 2 oe, Naumann oo P 2, Miller Oil, and BrooJee and Levy : — 


Antimony. 

Apatite. 

Biotito. 

Breithauptito. 

Brucite. 

Calamine. 

Galcite. 

Chabasie. 

Ghalybite. 

Conncllite. 

Coqulmbite. 

Corundum. 


Corclline. 

Davyne. 

Diuilogito. 

Dioptiise. 

Dolomite. 

Kroernld. 

Endialyte. 

Fluocerite. 

Gmelinite. 

Greenockite. 

Hematite. 

HydraTKillitc. 


Ice. 

Ilmenlte. 

Kupfcmickcl. 

Miilerite. 

Mimetite. 

Molybdenite. 

Nepbeline. 

Osmiridium. 

Phenakite. 

Plattneritc. 

Polybasitc. 

Protstite. 


Pyrarffyrite. 

Pyroniorphite. 

Pyrosmallte. 

Pyrrhotine. 

Quartii. 

Bipidolite. 

Spurtalitc. 

Tourmaline. 

Yanadinitc. 

Willemite. 


Minerals whose crystals cleave parallel to this form^ those printed in italics indicating that 
the cleavage is easy and perfect 

Antimony. Calcite. Greenockite. Pyroemalite. 

Apatite. Emerald. Nephclinc. SpartalUe. 

Brucite. Endialyte. Phenakite. 


Minerals whose crystals present faces parallel to the hexagonal prism of the second erder^ 
symM m 1 1 eo , Naumann oo P, Miller 2 11, Brooke and Levy ^ 


Apatite. 

Calcite. 

Ghalybite. 

Cinnabar. 

Connellite. 

Coquimbite. 

Corundum. 

Gronatedtite. 

Dayyne. 


Emerald. 

Endialyte. 

Graphite. 

Greenockite. 

Hematite. 

HydrarKillite. 

Ilmenlte. 

Mesitino. 

MlUerite. 


Mimetite. 

Molybdenite. 

Nepbeline. 

Phenakite. 

Proustito. 

lywKTrtte. 

Pyromorphite. 

Pyrrhotine. 

Quarts. 


Bipidolite. 

Buennnite. 

Tamarite. 

Tellurium. 

Tellurwiamuth. 

Tourmaline., 

Willemite. 
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Cleaioag€» parattel to th$prim of the second order occur in — 

Caldte. Cronstedtlte. Quarts. WlUemite. 

Ciaiuitor. Pyrrhotine. 2lr//i<nwjii. 

Minerals whose crystals present faces parallel to the basal pinacoids, symbol oo oo 
NawnannoTf MUler lll^Srooke and levy 

Alunlte. Goquimbite. Ilmenite. Quarts. 

Ankcrite. Corundum. Kupfemlckel. Ripidolite. 

Antimony. CrouHtedtite. Levyne. Spartalite. 

Apatite. Goyelline. Meutine. Stilpnomelane. 

Araenio. Dayyne. llimetlte. Susunnite. 

Biotite. HialioKlto. Molybdenite. Tamarite. 

Bismuth. Dolomite. Nepheline. Tellurium. 

Breithauptito. Emerald. Osmiridium. Tellurwismuth. 

Brucite. Eudialyte. Parasite. Tetrudymite. 

Calamine. Fiuocerite. Plattnerite. Tourmaline. 

Calcite. Gmelinite. Polybasite. Vanadinite. 

Chabssie. Graphite. Prouatite. Willemite. 

Chalybite. Greenockite. Pyrargyrite. Xanthocone. 

Clintonitc. Hematite. Pyromorphite. 

ailorite. HydrargUlite. l*yroamalite. 

Cinnator. Ice. Pyrrhotine. 


Cleaoages parallel to the basal pinacoids occur in the folhwiny minerals 

Alnnitc. Cbitmdfim. Ilmenite. Susannite. 

Antimony* Cronstedtitc, Ncpheline. Tamarite. 

Apatite. Cbvellinc. Oamiridium. Tellurium. 

Arsenic. Emerald. Parasite. TeUurwhmuth. 

MioHie. Sndialyte. Polybaaite. Teiradymite. 

Bismuth. Graphite. Pyrosmalite. Willemite, 

Brueite. Greenockite. Pyrrhotine. Xanthocone. 

Calcite. Hematite. Bipidolite. 

ClintoniU. HydrargUlite. Spartalite. 

Chlorite. Ice. Stilpnomelane. 


Position of the poles of the ^xagoned prisms and basal pinaeoid on the sphere of pro- 


tection of the rhomboidal 
With C as cen- 
tre, and any convenient 
radius C M| describe tho 
cirdo M| M4. 

Let M1M4 andG^Gs 
be any two diameters at 
right angles to each 
other. 

Take arcs Mi Gi, 
OjMj, GjMa, and M4 G3, 
each equal to 30 ^. 

Through G„ M2, M3 
and G3, draw the dia- 
meters Gi G4, M2 M5, 
M3 Mg, and G3 Gg. 

Then C will rq)re8ent 
tho north pole of the 
q;»here of projection, and 
the cirMo M^ Gi M4 its 
equator. 



Fig. 255. 
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0 will xepreBent tho pole of the upper basal pinaeoid^ Qi G,, &Cm Ge, the poles of the 
h$xag<mal prisni of tha first orders M| Mj, &c., the poles of the hexagonal prism of tka 

sseondorderf G^ CG4, G, CGi,,and G3 CG«, the zones in which the poles of the 
pyramids of the first order lie, and M| 0 M4, C M5, and M3 C M4, the zones in which 
the poles of the six faced pyramids of the second order lie. 

One polo of tho tmlvefaeed prism wDl lie in each of the arcs M G, and one pde of 
the double twelvefaeed pyramid in each comportment of the sphere hounded by the arcs 
CM, MG, and GG. 

Double Six-Faced Pyzamld of the Flnt Older.— The double siz-fbeed 
pyramid consists of two pyramids joined together, one on each side of a regular hexa- 
gonal baso. It is bounded by twelve tri- 
angular faces, such as P| Mj M^ (Fig. 256), 
each face being an isosceles triangle. It has 
six four-faced solid angles^ M, M^, &c., M3, 
and two six-faced solid angles^ Pi and P,. 

There arc six equal edges, M^ M2, &c., 
which arc tho sides of the common hexagonal 
base, and twelve other edges, P^ Mj, P, M2, 

&o., equal to each other, but unequd to tho 
former, which form the sides of the isosceles 
triangles. The hexagonal base of this pyra- 
mid is tho hexagon circumscribing the circle 
described with one of tho equal parameters for its radius. 

To Draw the Double Six-faced Pyramid of tlis First Grfltei*.— Prick off tho points 
M|, M2, &c., M4, Gj, G2, &c., Gg, P|, Pg, and C, from Fig. 249. 

Join Ml M3, M3 M3, &o., M« Ml, Gj G4, G3 G*, &c., and Pj Pg. 

Take C P, and G Pg, equal H P (Fig. 253), tho unequal parameter. 

Join Pj Ml, Pi M,, &c,, Pj Ml, Pg Mj, &c., and tho pyramid will be constructed. 

ufzes.— The axes Gi Ci, G3 C|, and G3 C, in which tho equal parameters lie, join 
tho centres of the opposite edges of tho hexagonal base of the pyramid ; while the 
fourth axis, P, Pg, along which tho unequal parameter is measure^ joins the opposito 
apices of tho pyramids. 

Each face of tho pyramid would, if produced, cut one of the axes in whiidi 
the equal parameters are taken at tho extremity of the parameter, the neighbouring 
axis in tho hexagonal base at a distance from its centre twice that of tho equal para- 
meter, and the fourth axis perpendicular to the baso at the extremity of the unequal 
parameter. Thus the face P, Mi Mg, if produced, cuts the axis G Gi at Gi, G G« at a 
distance from C equal twice C Gj, and G Pi at Pi- 

The symbol which expresses this relation to the axes is 1, 2, 1. Naumann’s symbol 
for this^amis P 2, .or R Miller’s 5, 2, T, Brooke and Levy’s dk dk h\ if tho rhom- 
boid, and cP if the hexagonal prism be taken as the primitive form. 

Ituslimtion of the Let 0 bo tho angle of inclination of the faces measured 

over tho edges Mi jMg, Mf Mg, &c. ; $ their inclination over the edges P| Mi, Pi Mg, 
&o. ; a the angular clement ; and \ tho latitude of the faces measured from tho 
pole G (Fig. 255), or the angle between the axis Pi Pg, and .the normals of tho 
faces. 
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Then tan. X =z COS. 30** tan. a cos. sin \ and^=z2x. 

2 


IVnVtbft of t/ic Polea on tho Sphere of PnQeetion.^Th !0 meridians of longitude in 
which the poles of this pyramid lie, will bo those of 30**, 90'’, and 160**, on both sides 
of Mj C M 4 ; or four poles will lie in each zone C G 4 , G 2 C G 5 , and Gy G G^. Six 
poles wiU Uo in the circle of latitude X** north, and six in ^ same parallel of south 


latitude. 


Cryetala whose Faces occur parallel to the Double Six faced Pyramid of the fret order^ 
with the Latitude of their Poles on the sphere of prfectmu 

Apatite . . . .61® 44'. 

Breithauptito . « . . 66 ® 6 .' 

Emerald . . . .40® 60'. 

Quartz . . . .47® 43'. 

Double Six-faced P3rzamids deziwed firom the Pyramid of the Firat 
Order. — From the preceding pyramid others may be derived, by retaining the same 
base, and joining its angular points with points equidistant from C in the line Py, 
or P^ Py produced. Let Qi and Qy bo these points. G Q^ and G Qy are always some 
multiple fn of the line G P. m may be any whole number or fraction. 

When m is less than unity, or a proper fraction. Fig. 267 represents the pyramid 
which is more obtuso than Fig. 266, from which it is derived. 

When m is greater than unity. Fig. 268 represents the pyramid which in this case 
is more acute than Fig. 266, from which it is derived. 

Each face of this pyramid would, if produced, cut one of tho axes in 
which the equal parameters are taken at tho extremity of tho parameter ; tho neigh- 



bouring axis in tho hexagonal base, at a distance £rom its centre being twice that of 
the equal parameter, and the fourth axis perpendicular to the plane of the base of the 
pyramid, at a distance from the centre equal to m times tho unequal parameter. 

Wlien m becomes infinitely great, the pyramid becomes the prism of the first order. 
The symbol which expresses this relation to 'the axes is 1 , 2 , m. Kaumann’s symbd 
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£>rfheBe pytamidsismP 2,or Miller’s A, and Brooke and Levy’s modifl- 

g 

Cfttion of Haiiy if the hexagonal prism he taken as the primitive form. Their 
symboli if the rhomhoid bo taken as the primitive form, will be given under each 
particular form. 

Inclination of the Fneea, — ^If X bo the angle of latitude of the faces, B their inclination 
over*the edges M|, Q.jM2,*d;c., ^ over the edges M^, M2 M3, &c., a the angular 
element for the substance, 

Then tan. x =z m cos. 30^ ton. a, 


cos. .=:sm. 
2 


30^ sin. X, and ^ = 2 X. 


Position of the Poles of this Form on the^phere of Prfjection.’^Thc poles of these 
pyramids always lie in the same zones as the pyramid of 
N. the first order from which they are derived ; six being in 

y the circle of latitude X® north, and six in the same latitude 

south. 

H c M. To describe the net for these Pyramids.-^ 

Fig. 259. Draw C Mj and C P (Pig. 269) pcipcndi- 

eular to each other. Tako C M| equal to C M, (Fig. 25i^), C F 
equal G P| (Fig. 256), or C (Figs. 257 and 258). 

Join PM,. 

Then Fig. 260.— Draw M, M2 equal M, Mj 
(Fig. 262). On M, Mj describe tho isosceles tri« 
angle P M, M2, having its sides P M| and P M, Fig. 260. 
equal P M| (Fig. 269). 

Fig. 261. p ho a face of tho pyramid, and twelve such faces, 

aiTongcd as in Fig. 261, will form the required net. 




Forms of the Double Six faced Pyramids derived from the pyramid of the first oider 
which occur in nature, together with the Latitude of their Faces, 


The form 1, 2, ^ ^ P 2 Naumann ; 2 3 1 Miller ; 
Apatite 
Breithauptite 
Davyno 
♦ Grcenockitc 
Hematite 


«• or ¥ b^ Brooke and Levy. 
22*’ 65'. 

26® 22'. 

25" 53'. 

25® 28'. 

24® 22'. 


The form 1, 2, | ; | P 2 Naumann ; 

Bipidolite 


37 iMiUlcr; al 


or 


dv b\ Brooke and Levy. 
60® 00'. 


The form 1, 2, f | P 2 Haumann; 1 3*1 
Apatito 

^ * Chalybite 
Corundum 
Emerald 
*GTeenocldte 
Hematite 
Hmenite 

Himetite . • 


Miller 


ai or ^ Brooke and Levy. 


59® 24'. 
47" 30'. 
61® 11'. 
49® 2'. 
62® 18'. 
61 ® r. 
61 ® r. 

60® O'. 
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Nepheline 

• • • 

62-* 40'. 

Osmiridium . 

V • ■ 

62“ V. 

Parasite 

• • • 

82" 29'. 

Phenakito 

• * • 

19’ 17'. 

Pyromorphite 

• • • 

59*’ 32'. 

Pyrosmalito . 

• • • 

50’ 47'. 

pyrrhotino . 

• • • 

63’ 25'. 

The form 1| 2, f } P 2 Naumomi ; 1 2 0 Miller ; < 

a® or 33 Brooke and Levy. 

Apatite 


40** 13'. 

Galcite 


29® 40'. 

Chabasie 


35® 15'. 

Goquimbitc . 


29“ O'. 

Davyno 


44“ 8'. 

Emerald 


29“ 57'. 

^ Gmclinito 


40“ 4'. 

♦Grccnockitc 


43’ 37'. 

Hematite 


42’ 11'. 

Kupfcrnickel . 


43® 25'. 

Mimetite 


40“ 54'. 

Molybdenite . 


Undetermined. 

Nepheline 


44® 3'. 

fPhenakite • 


ir 37'. 

Plattncrite . 


Undetermined. 

Polybasite . 


68“ 30'. 

Pyrargyiite . 


27” 43'. 

Pyromorphite 


40“ 22’. 

Pyrosmalito « 


0 

.H 

CO 

Pyrrhotine . 


63“ 25'. 

Mimetite and Pyromorphite elcayo parallel to this form. 

Thcforml, 2 ,y; VP2Nanmann; 3 104 Miller; a? or dWi ’9 31 Brooke and Levy. 

Gorundum 

• • • 

64“ 45'. 

The form 1, 2, 2 ; 2 P 2 Naumann 

; 1 4 2 Miller ; a* or if d\ h\ Brooke and Levy. 

Apatite. 

• • • 

68“ 29'. 

Biotite 

. 

78’ 8’. 

Gorundum 

• 

69“ 51'. 

Quartz 

• • » 

66 ’ 33'. 

The form 2, j-P 2 Naumann; 

2 9 5 Mnier; or di dl Brooke and Levy. 

Corundum 

. 

72“ 31'. 

Theform l,2,f ; fP2 Naumann; 

15 3 Miller ; a* or tf di hi Brooke and Levy. 

Biotite 

... 

81“ 3'. 

Galcite 

• • • 

66 “ 18'. 

Gorundum 


74“ 36'. 

*Greenockito 

■ • • 

76’ 18'. 

Mimetite 

• • • 

73® 54'. 

V Pyromorphite 

• • • 

73“ 37’. 

hpartalite 

• • 

60“ 34'. 
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The form 1 , 2 , y; y P 2 Naumonn ; 1 6 4 MiUcr ; «* or Brooke and Levy, 

Hematite 77® 33'. 

llmcnito 77" 33'. 


The form 1 , 2 , 4 ; 4 P 2 Naumann ; 175 Miller ; ai or bi Brooke and Levy. 


Apatite . 
Biotito 
Calcito • 
Corundum 
Hematite 


78® 51'. 
84® O'. 
73® 41'. 
79® 36'. 
79® 45'. 


The form 1 , 2 , 5 ; 5 P 2 Naumann ; 2, 17, 13 Miller ; a'J or di ^ 5 ^ Brooke and Levy- 
Emerald 76® 58'. 


The form 1, 2 , y ; y P 2 Naumann ; 1 9 7 Miller; a« or d'dt b^ Brooke and Levy. 


Corundum 


82® 10 '. 


The form 1, 2 , 8 ; 8 P 2 Naumann ; 1, 13, 11 Miller ; ai or d*dA Brooke and Levy. 


Corundum 


.84® 45'. 


The forms of Grcenockitc, marked thus *, arc sometimes hcmihcdral, with parallel 
faces ; that of Phenakite, marked f, hcmihc^al, with inclined faces. 'Pho hcmihedral 
forms, with parallel faces, are r/iomboids ; those with inclined faces, double iliree-faeed 
pyramids. 


Bouble Six-faced Vyvamid of the Second Ovder.— The double six-faced 
pyramid of the second order is tho same form of solid as the pyramid of the first order, 

and differs from it only in its position and rela- 
tion to the axes of the system. Tho hose of this 
pyramid, Gj Go, &c., Gq (Fig. 262) is tho hexagon 
Gi G,, &c., Ge (Fig. 252) inscribed in tho circle 
whose radius, C G^, is equal to one of the equal 
parameters. 

To Draw the Double Six~faced Pyramid of the 
Second Order . — ^Prick off the points G^ G*, &c., Gg, 
Pi Cl Pj, from Fig. 250. Take C P^ and C P 2 , 
equal H P (Fig. 253), the unequal parameter. 
Join P| Gp Pi G 2 , &c., and the pyramid wiU be 
constructed. 



,'rhn ftTis Pj Pj, in which the unequal parameter is taken, joins the opposite 
six-faced solid angles Pi and P 2 ; while the axes in which the equal parameters aro 
takcUih^ch as Gi G 4 , join* the opposite four-faced solid angles. Each face, therefore, of 
this pyramid cuts three axes at the extremities of their parameters. 

Tho symbol which expresses the above relation of the fiicea of this 
pyramid to its axis is 111 . 

Naumann's symbol for thia form is P. Miller, Brooke, and Levy do not treat this 
pyramid as a distinct form, but regard it as a combination of the ‘ two equal rhomboids 
which are its parallel hemihedral forms. * 

Inclination of the Faeee.^Let f be tho angle of indination of the fheea measured over 



THE DOUBLE SIX-FACED PYRAMID. 


397 


the edges G 2 » ftc., 9 their inolinatioxL over the edges Gj, G 3 Gs, a the 

angular element. 

9 = 2 a cos. I = 1 sin. a. 


Pmtum of the Poles on the Sphere of Prt^eetion. — ^The poles of the faces of this pyramid 
lie in the meridians of 0 **, G 0 ^ and 120 \ six in the circle of latitude tP north, andk six 
in the same circle of south latitude ; or four poles lie in each of the zones M| G M 4 , 
M 3 C Ms, and M., C Mg (Fig. 255). 

' Double SbL-laeed Pyzaanids dexlTed from the Pyramid of the Second 
Order. — ^Retaining the same base, other pyramids may be derived from that of the 
second order by taking points Q| and Q 2 in G P or 
G P produced, such that G or G Q 3 is equal to 
m times G Pi (Fig. 262) ; m being a whole number 
or fraction greater than unity for the pyramid Fig. 

264, and less than unity for Fig. 263. 


Fig. 268. 

When f» becomes infinitely great, tho pyramid 
becomes the prism of the second order. 

Tho symbol for these pyramids is 11 w, Naumann's m P. 

IndinaSon of the Faces, — If ^ bo the angle of inclination of tiie faces measured over 
the edges Qj Gj, Q* Gi, &c., 9 over tho edges Gj Gj, Gg Gg, &c., a the angular element 
of the substance, and A tho inclination of the normals of the faces to Qj Qg, or their 
.latitude on the sphere of projection, ^ 

tan. A = m tan, a 9 = 2 A, and cos. ^ = g- sin. A. 




Position of the Poles on the Sphere of Projection^ — ^The poles of tho faces of these 
pyramids lie in the meridians of 0®, 60®, and 120®, six for each pyramid in tho circle of 
latitude A® north, and six in tho same circle of south latitude ; or four polos lie in each 
of the zones Ml G M 4 , Mg G Mg, and Mg G Mg (Fig. 255). 

Nets for these Pyromuis.— Take B G (Fig. 

265), equal to G Gi (F4;. 252). Draw B A 
perpendicular to B G. Take A B equal to 
G Q (Figs. 262 or 263) ; that is, equal to m 
times the unequal parameter. Join A G. 

Then (Fig. 266) draw Gj G® equal G| Gj 
(Fig. 252); on it describe wo isosceles 
triangle P Gi Gg, having the sides P Gi and 
PGg equal AG (Fig. 265). 

P Gj Gg is a face of the pyramid ; and twelve such faces, arranged as in Fig. 261, 
will form ^0 required net. 




B 0 

Fig. 265. 


Fig. 266. 
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THE KHOMfiOID. 


These pyramids occur so seldom, as homohedral or perfect forms in nature, that when 
they do so, they arc regarded as combinations of the two hemihcdral forms derived 
from them ; we idiall therefore describe them under their hemihcdral forms. 

BJ&omboid. — ^The rhomboid may be considered as a hemihcdral form with parallel 
&ces of the double six-faced pyramid The positive rhomboid (Fig. 267) is derived 



from the pyramid Fig. 262 by producing the faces Pj Gj Gg, G, G 4 , Pj G^ G^, Pg G, 
Gc, Pg Gg G 3 , and Pg G 4 G 5 to meet one another. The negative rhomboid (Fig. 268} is 
formed by producing the other six faces of the pyramid. 

The rhomboid is bounded by six equal faces, each of which, such as P^ Rq It| Itg, 
arc rhombs ; that is, four-sided figures, with equal sides and opposite angles, but all the 
angles not equal. It has twelve equal edges, two three-faced solid angles^ Pi and Pg 
(Figs. 267 and 268), formed by the union of three equal angles of the rhombic faces, 
and six three-faced solid atigles^ R^ Rg, &c. (Fig. 267), Rio Rn, &c. (Fig. 268), formed 
by the union of two equal angles of the rhombic faces with an unequal one. 

To draw the Rhomboid , — ^Though the Rhomboid is derived from double six-faced 

pyramid as its hemihcdral form, and might be constructed from that figure by pro- 
ducing its faces, it is more easily obtained from the hexagonal prism of the first or^r. 



269. Fig. 270. 


For Pigs. 269 and 270, prick off from Fig. 249 all the points marked P C B and M. 
Take P C and Bg Mo, &c., in both Figs, equal to the unequal parameter P C 

(Fig. 262), as determined for the particular substsmcc whose rhomboid is to bo^rawn. 
Join all the B’s and Pj C Pg. 

Then for the positive rhomboid (Fig. 269), take Rg Mg equal onc-third of Mg Bg, 
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M| one-third of B7, and so on, taking care that the points B are alternately aboye 
and below the points M. 

Join with B(j, B2 and B^j and B2 with Bj, B^ and B51 and B^ B^ B2 Bg B^ Bj and 
Bf, and the positive rhomboid will bo constructed. 

The negative rhomboid is constructed by taking M B one-third of M B alternately 
above and below M, as shown in Fig. 270, and joining the points B and B. 

8ymbols,-~ThQ symbol for the rhomboids derived fn>m the pyramid whoso symbol 

is 111, is + Naumann’s symbol is + -^ and — - or B 

and — B. 

Miller’s symbol for the positive rhomboid is 100, Brooke and Levy’s P, if that 
rhomboid bo taken as ^he piimativo form, if the hexagonal prism be chosen for the 
primativc. 

Miller’s symbol for the negative rliomhoid is 1 2 2, Brooke and Levy’s ^ or 
aceording as tho rhomboid or the hexagonal prism are taken as the primative 
form.* 

Inclination of the Faces of the BAomdetdl—If B bo the angles of inclination over any 
of tho edges P B (Figs. 267 end 268), ^ over tho edges B B, and a tho angular 
element. * 


cos 


= sin. 60 sin. a 


and = 180" - 0. 


a is the latitude of tho faces of the rhomboids on the sphere of projection. 

Poles of the PJkomhoids on ike Sphere of Projection, — ^The poles of the positive rhom- 
boid on the northern half of tho sphere of projection (Fig. 255), are the points where 



Fiff. 271. Fig. 272. Fig. 273. 


the circle of latitude, a, cuts the meridian C M^, C M3 and C M^, the poles of tho 
negative rhomboid where the same circle cuts the meridians C M2, C M4, and C M^;. 

Nets for the Rhomboids , — Take C M (Fig. 271) equal C M (Fig. 252), drawPi C P3 
pmpendicular toM Cijtake OPi andC P2 equal C Pj (Fig. 269 or 270). • 

Through M draw Bj B7 parallel to P^ and through P^ and Pj, Pi Bi and P2 B/ 
parallel to C M. 

Toko B M one-third of B| M. Join Pi B and B P2. 

Then (Fig. 272) draw A B equal B P.^ (Fig. 271), on A B describe an isosceles 
triangle A C B, having its sides A C, B C equal Pj B (Fig. 271). Describe a sinular 
and equal triangle A D B on the other side of A B. The figure C A D B will be a face of 
the rhomboid, and six such faces, arranged, as in Fig. 273, will form the required net 
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Fau^fMraJOd to thorn of the Positive Shomhoid occur in nature in the foUomng smbstanees. 
The an^ are those of the inclinations of their faces $ and tjt. The angle of their latUudst 
hdng the same as the angular dement^ if not given. 


Alunito 


• 

• 

92*50'; sriO'. 

Ankerite 




106*12'; 73*48'. 

Antimony . 




87*36'; 92*25'. 

Apatite . 




88*42'; 91*18'. 

Arsenic 




86*41'; 94*19'. 

Biotitc . 




71* 4' ; 108’ 66'. 

Bisrautk 




87’ 40'; 92*20'. 

Breunnerito 




107‘23'; 72*37'. 

Calamine 




107*40'; 72*20'. 

Calcitc . 




105* 6'; 74*65'. 

Chabasio 




94*46'; 85*14'. 

Chalybito 




100*60’; 73* O'. 

Cinnabar 




71* 48' ; 108* 12'. 

Corundum . 




86* 4'; 93*66'. 

Croustedtito 




Undetermined. 

Diallogito 




106*61'; 73* 9'. 

Dioptase 




96*64'; 84* ff. 

Dolomite 


• 

• 

106*15'; 73*46. 

Emerald 


• 


104*34'; 76*26'. 

Eudialyto . 


• 

• 

73*30'; 106*30'. 

Gmclinito . 



• 

Doubtful. 

Hematite 




86*10'; 93*60'. 

llmenito 




86*10'; 93*50'. 

Lovyno 




106* 4'; 73*56'. 

Magucsito . 




107*29’; 72*31'. 

Mesitino 




107*14'; 72*46'. 

Hillcrito 




144* 8'; 36*62’. 

Mimetito 




86*48'; 93*12'. 

Nitratino . 




106*33'; 73*27'. 

Fbenakite . 




116*40'; 63*20'. 

Froustito 




107*60'; 72*10'. 

Fyrargyrito . 




106*42'; 73*18*. 

Fyromorpbito 




88*28'; 91*32'. 

l^nrbotine . 




82*40'; 97*20*. 

Quartz 




94*16'; 86*46'. 

Bipidplite . 




76*22'; 104*22'. 

Spartalito 




116*30'; 63*30'. 

Susaxmito 




72*30' ; 107* SO*. 

Tamarite 




69* 48' ; 110* 12*. 

TeUurium . 




86* 2*; 93*68'. 

Tctradymitc 




66*40'; 113*20'. 

Tourmaline . 




133* S'; 46*62'. 

Willemite . 




128*30'; 61* 80*. 

Xanthocono 




68* 18' ; 116* 42r. 
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CleafMges paraUd to the podtive Rhomboid occur in ihefoUowmg mmerob^ the chavcne 
being perfect m fhoee printed in italics. 


Alunite. 

Ankerile, 

Caleite, 

ChabasU, 

Chalpbiie, 

Corundumt 


Eudial^. 

Hematite. 

Ilmenite. 

Magnetite, 


MesUine. 

MUlerite, 

RUratine, 

Phenakite. 


JPyrarggrite, 

Quarts. 

Tourmaline, 

Willemite, 

Xanthecone, 


Cronstcdtitc, Fhcnakite, and Pyrargyrito present homihedral forms of the six-faecil 
pyramid with inclined faces. This form is a double three-faced pyramid. 


Faces parallel to the negative Showboid occur m tke/oUomng minerals. 


Apatite . 

. 88® 

42' 

91® 

18' 

Caleite . 

. 103® 

S' 

74® 

by 

Corundum . 

86® 

4' 

93® 

b& 

Pioptase 

95® 

54' 

84® 

& 

Emerald 

. 104® 

34' 

75® 

26* 

Hematite 

. 86® 

W 

93® 

50' 

Millerite 

. 144® 

8' 

35® 

52' 

Mimetite 

. 86® 

48' 

93® 

12' 


Phenakite . 

. 116®' 

40' 

63® 

20' 

P^romorphitc 

. 88® 

28' 

9i® 

32' 

Pyrrhotine . 

. 82® 

40' 

97® 

20' 

Quartz • 

. 94® 

15' 

85® 

45' 

Ripidolito 

. 75® 

22' 

104® 

22' 

Susannito 

. 72® 

30' 

107® 

30' 

Tellurium 

. 86® 

S' 

93® 

58' 


Millcritc and Quartz are the only minerals which cleave parallel to the negative 
rhomboid, the cleavage of the first being perfect 


Rhomboids may be derived from each of the double six-faced P 3 rramid 8 (page 
397), whose symbol is 11 to draw them we have only to make C P in Figs. 269 
and 270 equal to m times the unequal parameter. Their nets may be constructed in a 
similar maimer by making G P in Fig. 271 equal to the same quantity. 

Sgmdols.-^Tho symbols for these rhomboids will be , Neumann’s or 


m Jl, and Miller’s h k k, where m = 


h-^k 
h + 2ls 


is the relation existing between the 


numbers used by Naumann and Miller ; Brooke and Levy’s symbol will be b”* when 
they take tho hexagonal prism for their primitive form; when they regard the 
positive rhomboid as their primitive fqrm, their symbols for the derived rhomboids will 
bo given with each particular case. 


Inclination of the Faces of the Rhomboids.'^ll \ be the latitude of the face of tin 
rhomboid, and a its angular element, ^ the angle of inclination over the edges Pit, 0 thiit | 
over the edges RR (Figs. 267 and 268), I 

ton. X =z m tan. a, cos. ^ =: m sm. 60 cos. X tan. a, 

and 0 = 180** — 


Rhomboids derived from the Rouble 8ia faced Fyramids (p. 397), whose Facesdav^eu 
observed in nature f together with their Latitude on the Sphere of Frejeetion, 

^ R Naumann ; 656 Miller ; ai Brooke and Levy. 

^ Hematite. '. 6® 36' 

R Naumann ; 233 Miller ; a^ Brooke and Levy. 

Hematite . . 11® O' 

— ^ R Naumann ; 122 MUler ; a^ Brooke and Levy. 

Hematite . • 17® 26^ 

INORGANIC NATURE.— No. XIV. 



402 SnOMBOIDS DERIVED FROM THE DOUBLE SIX-FACED PYRAMIDS. 


4 R Naumaim ; 211 Miller ; a* Brooke and Levy. 

Antimony . 20“ 4(K | Cinnabar . . 88“ 28^ | Hematite . . 21“25' I Pjrarfrvrite . 12My 
Calcitc . . 13" OF 1 Eudialyte. . 81“ 2T 1 Proustito . . 13" 3' 1 Tctiadymite . 42" iff 

Eudialyte deavcs parallel to this form. 

» 4 R Nanmann ; 255 MiUcr ; av Brooke and Levy. 

Caleite. . . 13“ 62' i Hemattte . .21“23' 

— 4 R Naumann ; 133 Miller ; Brooke and Lc\y. 

Hematite , . 24“ O' 

\ U Naumann ; 522 Miller ; Brooke and Levy. 

Corundum . 27“ 4P | Cinnabar . . 41“ 24' 

^ \i Naumann, 311 Miller; Brooke and Levy. 

Cinnabar . • 46" ST )*Ilmenite • • 32" 7' 

{ ]{ Ndumann; 411 Miller; a* Brooke and Levy. 

ApaUto . . 3fi" ir I Hematite . . 38“ 7' I Quartr . . 32“ 2^ 

Corundum . 38“ 12' | Millente • . 10“ 4^ | lamaiite . . 55" 51* 

— \ R Naumann , Oil Miller ; Brooke end Levy. , 

Ankento . . 25" 42' Calcite . • .26" 15* Dolomite . . 25" 40* Phcnakite . 20 52' 

Antimony .37“ 2* Chabame • .31“ 22* Eudialyte. . 50“38' Pioubtitc . . 24“51' 

Apatite . .86" 13' Chalybito. .25“ 17' Hematite. .38“ 7' Pyrargynte . 24“28' 

Arsenic . . 38“ 30* Ciiinab'ir • . 52“ 54' Ilmenite . . 38" 7' Quartz . . 32" 25' 

Bismuth . . 36" 58' Diullogite . 25“ 23* Mesitine • .“25“ 11' Tamarite . . 55" 51* 

Breunneiite . 25“ T Dioptase . .31“ 22* Milleiite • • 10“4b' Tourmaline . 14" 20' 

Calamine . • 24" 58' • 

Antimony, Bismuth, Chalyhite, Diallogite, Hematite, Hmenito, Froustite, Dioptabc, 
and MiUcnte, cleave parallel to this form, tho lost tin o pcifccUy. 

^ 1( Naumann; 611 Miller ; Brooke and Levy. 

Hematite . . 44“ 27' 

11 Naumann; 7U Millei , a’* Brooke and Le't) 

Calcite ... 33“ 20' 

^ R Naumaim; 133 Miller , Biooke and Lc'v^ 

Caloitc. . .38“ 17' 

~ ' R Naumann , 2, 11, 11 Miller , Brooke and Levy 
Calcite. . .49“49' 

— ^ R Naumann ; 233 MiUei , ei Brooke and Levy. 

Calcite . . 50“ 5H' 

- j R Naumann , 455 MiUci , Brooke and Levy 

Arsenic . . 67" 16* | Cilute . . .55“ 57' | Hem<itite . . 66" 59* | Proostite . . 54 IS 
K Naumann; 13, 2, 2 Miller , Brooke and Lcty 
Quartz. . .61“ 43* 

\ 11 Naumann , 6, 1, 1 Miller , Brooke and Levy 
Ripidolite . 75“ 45' 

1 R Naimiann, 611 Miller, Biooke and Levy 
ApaUte . . . 71“ 9' | Quart/ . . 68“ 31' 

— 2 ULNaiunann ; 111 MiRtr ; Brooke and Levy. 

Antimony . 71“ 40' Chabasie , , 67" 47' Ilmenite . . 72“ 2(K Bipidolite . 77" 2s' 

Apatite . . 71“ 9* Chal>bite. .62“ V LoT}ne , . 62"37' Susanmte . 78" 56' 

Biouta . . 79"41' Corundum . 72"22' Phenakito • 56“44' Tetiadymite 82" 14' 

Bismuth. . 71"37' Dolomite. .62*31' Proustite . . 61"4l' Tourmaline . 45" 57' 

Calamine. . 6l“46' Eudialyte . 78"25' Pjruigyritc . 71“ 13' Willemito .40’ 14' 
Caloito. . .63" 7' Hematite. • 72“20' Quaitz . .68“ 31' Xanthoeone . /9“jy 

Antimony, Bismuth, Levync, and Tourmalmc, ckavo parallel to this form. 

^ R Naumann ; 4ll Miller , Brooke and Levy. 

Hematite. . 75" 42' | Ilmenite . . 75“ 43' ( Ripidohtc . 79"55' 
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~ R Naumann ; 877 Miller.; Brooke and Levy. 

Calcite. . 

3 R Naumaiin; 722 Miller; Brooke and Lety. 

Quartz. . .75° IF 

— 3 R Nanmann ; 644 Miller ; Brooke and Levy. 

Calcite . . . no 2F I Levyne . . 70» 57' | Millerite , . 48^ 47' 

— JR Naumann ; 433 Miller ; Brooke and Levy. 

Calamine . . 73° 5F | Calcite • . . 73^ 51' | Quartz . . 77° 19' | Tourmaline • 61° 4' 

4 R Naumann; 3ll Miller; Brooke and Levy. 

Calamine . . 74° 58' I Dolomite . . 75° 25' I Pyra#flryrite . 74° 38' | Spartalitc . 71° 57' 

Calcite ... 75° 47' Hematite . . 80° 57' QuOrtW • . 78° OF TourmaUne . 64° 11' 

Chalybite . . 75° 11' | 

— 4 R Naumann ; 755 Miller ; ^ Brooko and Levy. 

Calcite. . .75° 47' 

— 5 R Naumann ; 322 Miller ; Brooke and Levy. 

Oalamine . . 77° OF I Chalybite . 78° 8' | Ilmenite . . 83° 44f I TourduiUlie . 68° 51' 

Calcite. • , 78° 8F | Hematite . . 82° 44^ | PyrArgyrite • 82° 11' | 

V Naumann ; 833 Miller ; e^ Brooke and Levy. 

Quartz , . 81° 51' , 

G R Naumann ; 13, 5, 5 MUlcr ; ^ Brooke and Levy. 

Quartz . . 82° 31' 

— 7 R Naumann ; 13, 8, 8 Miller ; e V Brookd and Levy: 

Quartz . . 83° SF | Sueannite . 68° 38' 

— 8 R Naumann ; 533 Miller ; c® Brooke and Levy. 

Calcite. . . 82° 47' 

— UR Naumann ; 744 MiUor ; ^ Brooke and Levy. 

Quartz . . 85° 54f 

FoUs of the derived RAofR5oid9.--Tlie poles of the positive rhomboids, that is of those 
rhomboids whose symbol, according to Naumann, is of the form mR, will bo found by 
observing the points where the circle of latitude for K" north cuts the meridians GM|, 
('M3, and GM5 (Fig. 255), of the northern hemisphere of the sphere of projection, and 
whore the same circle of south latitude outs the meridians GM^, GM4, and GM^ in the 
seuthem hemisphere. In the case of the negative rhoinboids, or those whose symbol 
is — mR, the polos will be the intersection of the circle of north latitude A, with the 
meridians CM.^ GM4, and GMq, and the same circle of south latitude with the meridian 
CMj, GM3, and GM^. 

Circle of Latitude on Sphere of Fre^eetion , — ^We hero beg to call our reader^ attention 
to an omission which wc find we have made in the early part of our tfeatise. We ought to 
have warned our students that it is far more convenient fox' purposes of crystallography 
to reckon the degrees of latitude from the pole to the equator instead of from the, 
equator to the pole. Strictly speaking, the angle which we have called thB aujle of 
latitude is the north or south polar distance. Our angle of latitude is always, there- 
fore, the difference between 90'’ and the angle of latitude as reckoned on a cdestial or 
terrestrial globe. This observation applies to the cubical and pyramidal systems. 

I The Right Prism on a TOrelwe^siAed Raso^This prism, also called the 
dihexagoflal pm;», is u solid bounded by fourteen faces, twelve of which, such as 
Li L7 G, G4 (Fig. 274), are rectangular paraUelograms, forming tho sides of the prism ; 
the other two, which terminate Gie prism, being irregular polygons, with twolVo sides. 
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THE RIGHT PRISM ON A TWELVE-SIDED BASE. 


When tliis prism is considered an open form, its sides alone arc taken for the planes of 
the prism^ and the two faces which inclose it are considered faces of the same basal 
pinacoids which inclose the hexagonal prisms. 

To Draw the JDUitxagonaUPrim , — Take any arbitrary line, CGi (Fig. 275 ), for one 
of the three equal parameters (as in Fig. 252 , page 386 ) *, draw CGo, CG3, CG4, &c., 


Fig. 274. Fig. 275. 

CGfi, each equal to GG|, and inclined to each other at an angle of 60 '^. Join Gi Go, 
Gj G3, &c., Gf Gf ; G^ (>2 G3 &o. will be a regular hexagon, and G| G4, G5, and 

Ga Gq will represent the three axes of the hexagonal system in which the equal 
parameters are taken. 

Draw CL„ CL2, CL3, &c., CL« bisecting the angles GiCGg, G2CG3, &c., GgCG,. 

Then Fig. 276 , draw the equilateral triangle CGi G2 equal 
CGiG* (Fig. 275 ) ; bisect GjCGj by CH, produce CGi and 
CG2 to Kj and Ko ; take GK^ and GK2 each equal n times GGj, 
the symbol for the prism being 1 u qo . Join Gj K2 and 
Gj Kj cutting Gn produced in L. Lastly, in Fig. 275 , take 
cii^, GLj, GL3, &c., GL5 each equal to CL (Fig. 276 ); 
join G4 L|y L| G2, G2 L3, Xi2 G3, &c., and G^ Lj G2 
Tig G4, will be the base of ^c prism. Through Gg and Go 
draw the lines D4 Gg and D3 G3 D3 parallel to L4CL1 ; 
take Gg equal to any line greater than GL^; Gg D4, 
G3 D2 and Gg D,, each equal to Gg Dj. 

Join D4 D2 and D4 D3 ; produce L3 Lg to meet Do Dg in and D^ D4 in Mg, and 
Lo L5 to meet Dg D3 in Mj, and Dj D4 in Mg. 

Join Lg Lg, Gg Gj, G4 Gg and L3 Lg, and produce these lines as well as L4 Lj to 
meet D, Dg and D4 D3 in the points NE and M, as indicated in Fig. 275 . 

■ 274 ) equal Dj D4 (Fig. 275 ), and Do and D4 D3, each making 

an angle ^of 30 ®, to D^ D4. Take Dj Dg and Dg D3 equal to the half of D| Dg and 
Dg D3 in^Fig. 275 . 

In Di Dg (Fig. 274 ) take Dj Nj, D^ Ej, Dj Dj Ej, Dj N,, each half of Dj N„ 
D^ £i, D| Mj, &c., respectively, in Fig. 275 . 

Through E^, Mj, Eg and N, draw Nj N4, E^ E4, M4, Eg E3 and Ng N3 

parallel to D| Dg. Take Ni Ej Lg, G|, E| Gg, M|^ L|, Mj L4, Eg G4, 
Ng Lg, Ng Lg, Di Gg and Dg Gg respectively equal to Nj Lg, Nj Lg, Ei G^ E^ Gg, &o. 
(Fig. 275 ). Draw Gg G,g perpendicular to D^ D4, take Gg G|g equal the height of the 
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I prism intonded to be represented ; draw G7, L,, &c., as in Fig. 274, 

parallel and equal to Gq ^13 ^12* ^13 ^19 prim on a twelve- 

sided base will be drawn in isometriesd perspective. 

Axe8.-~4jr^^ G4, G2 G5, and G3 G^ (Fig. 274) represent tbe three axes in which the 
equal parameters are taken. The fourth axis corresponds to the geometrical axis of 
the prism, and would be represented by a line drawn through C parallel to Gq Gjg. 

Symbols , — Each face of the prism, if produced, would cut ono of the three equal 
axes at a distance from the centre equal to the arbitrary unit, and an adjacent axis at 
n times this distance, and is parallel to the fourth axis. 

The symbol which expresses this relation to the axes is 1 » oo . Naumann’s symbol 
for this form is 00 Pm; and Millct^s hJsL hkl and n may bo obtained from each 
other by the formula) 

n z= ^ and A 1; -j- / = 0. 

h — h 


To dmeribeaKet for the Right Prim on a Twelve-sided Base , — Draw two twelve-sided 
polygons, each equal to Gj L| G, L^, &c., 

Lj G| (Fig. 275), and twelve rectangular 
parallelograms, each equal an breadth to 
Gj Lj (Fig. 275), and of a length equal 
to that of the prism intended to be re- 
presented. Arrange these fourteen figures 
as in Fig. 277, and the net will be Con- 
structed. 

Position of the Poles of the Prisfn on the 
Sphere of ProJeetion,’-‘Tho poles of the 
faces of the dihexagonal prism always lie 
in the same zone, and that zone is the 
equator of the sphere of projection; S^, 

^41 ^13 2^^) represent 

these poles, the arc.s Gj Sj, G^ S,, Gj S5,’ 277 

Gx S4, &c., being equal to each other. 

TH $ be the angle M|CS|, or the longitude of the pole S| reckoning from 



tan 6=1/3 


-fi — 1 

n+l 


= V^ 


_ A— I 


2A— A — r 


Forms of the Dihexagonal Prmn^ parallel to which Faces have been observed in nature^ 
with the Longitude of their Foies on the Sphere of Frcjeeiim. 

The form 1 f oo ; 00 P f Naumann ; 5 2 3 Miller; and 5^ Brooke and Levy ; 
longitude 6** 35' occurs in Corundum and *Dioptase. ^ . 

The form 1^*5 P I Naumann ; 11 4 7 Miller ; ^ b"^ Brooke and Levy ; 

longitude 8^ 57' occurs in Quartz. 

The form 1 j <» ; «o P ^ Naumann ; 3 1 2 MIHqt ; d^ b^ Brooke and Levy ; 
longitude 10'' 54' occurs in ^Apatite, Emerald, Hematite, *Phenakite, and 
Tourmaline. 

The form 14«; « P|Naumann; 7 2 5 MiUer; 5^ Brooke and Levy; 

longitude IS** 54* occurs in Galcite and *Dioptasc.r 
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THE DOUBLE TWELVE-FACED PYRAMID. 


The form 1 ^ oo ; oo P ^ Naumann ; 4 1 3 Miller ; d^ Brooko and Levy ; 
longitude 16'' 6' occurs in Tourmalino. 

The form 1 f oo ; oo P Naumann ; o 1 4 Miller ; rfi Brooko and Levy ; 
longitude 19'* 6' occurs in *Apatitc, *Dioptasc, and Millerito. 

The forms marked thus ♦ aro hcmihcdral, with parallel faces ; the hcmihcdral form 
of this prism with parallel faces is a regular hexagonal prism, arising from the 
developmo^t of the alternate faces, and differs only from the prisms of the First and 
Second Order, in its position with regard to the axes. 

Pouble Twelve-faced Fy7amid.~Thc double twehe-faced pyramid^ or, as it is 
generally colled, the dihexagoml pyramid^ consists of two pyramids joined together, 
one on each side of the dihcxagonal base given in Fig 27d. It is bounded by twenty- 
four equal and similar scalene triangles, it has twelve fonr-faced solid angles at the base 
of Uic pyramids, and two twelve-faced solid* anyhs^ one at each apex of the double 
pyramid. 

'fhis pyramid may bo easily drawn ; through C, in Fig 274, draw a lino* perpon- 
dicular to Lj L4, take two points in this line equidistant from C, and each equal 
m times C P, (Fig. 256), and join these points with G, Gj, &c., G^ and Lj Lgj Lc ; 
mV n being the symbol of the pyramid. 

This pyramid has never been observed alone, and scarcely ever in combination 
with other forms. When these latter occur, they may bo regarded us the combination 
of the positive and negative scalcnohcdron derived from it. 

Symbols , — Fach face of the pyramid would, if produced, cut one of the axes in 
which the equal parameters aro taken at the extremity of the parameter ; the neigh- 
bouring axis in the hexagonal base at a distance from its centre n times that of the 
equal parameter, n being any fraction greater than one, and less than two ; and the 
fourth axis, which is peq:endicular to the base, at a distance from the centre m times 
that of the unequal parameter, m being a fraction or whole number equal to, greater, or 
less than unity. The symbol which expresses this relation in 1 m n, Neumann’s 
symbol is 7»P», and Miller’s h kl. 

When m becomes inhuitcly great this pyramid passes into the dihtxagmal prism^ 
and when m is finite and n becomes equal to two, it passes into a double six-faeed 
pyramid, derived from that of the First Order. 

Position of the Poles on tive Sphere of Projection , — Twelve poles lie in the same circle 
of north latitude and tvrclve in the same circlo of south latitude, one pole lies -within 
each spherical triangle COM (Fig. 255), two poles lie in the same circle of latitude at 
equal angular distances on each side of every meridian 0 G, such as Tj T^ on both sides 
of C Gi and Vi V* on both sides of C G3. 

The formulas for determining the latitude and longitude of these poles, from ttic 
symbols for their forms, as well as the relation between mn hh and I, will be given 
under1he\Lescription of tho hexagonal scalcnohcdron. 

Bexagoiud Scalenohedron. — The hexagonal scalenohedron is a hemOicdral 
form with parallel faces, derived from tho double twelve-faced pyramid by producing 
half the faces of the upper pjrramid taken in pairs to meet half the faces of the lower 
one which do not correspond to those taken from tho upper. Thus the faces whose 
poles are T^, Vq, Tg, Vj, V4, and in the northern hemisphere of projection (Jig, 255), 
being produced to meet one another, and the faces whoso poles are T«, T4, Vg, T^, 

and Y5 of tho southern hemisphere, will form the positive scalenohedron. The 
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twelve remaining faces if produced to meet each other will form the negative 
Rcalenohedron. 

The hexagonal scalonohcdron is bounded by twelve equal and similar scalene 
triangles, such as Ei TU (Fig. 278), and KiEjg E; (Fig. 279) ; it has two six-faced solid 



Fig. 278. Fig. 279. 


angles, Ki and K, (Figs. 278 and 279), and six four-faced solid angles Hi, E^, &c., Rg 
(Fig. 278), and E,, E^, &c., Ri^ (Fig. 279). The four-faced solid angles arc joined 



Fig. 280. ' . Fig. 281. 


together by six equal edges, such as E^ E 2 (Fig. 278,} and E^ E 12 (Fig. 279). Those 
edges correspond to the edges of a rhomboid which may be inscribed in the scolenohc- 
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dron, with tho samo axes as the figure in which it is inscribed. The remaining twelve 
edges arc equal in pairsi six being longer and six Sorter, tho longer and shorter edges 
joining tho six-faced solid angles with the four-faced, alternately, as shown in 
Figs. 278 and 279. 

To draw tlu Sexagoiial SeaXenohedron, — Though tho hexagonal scolenohcdron is 
derived from the double twelve-faced pyramid, by the development of half its faces, 
and might be constructed from that figure, it is more readily obtained from the positive 
or negative rhomboid which may be supposed to be inscribed in tho scalenohedron. 

Let two rhomboids (Figs. 280 and 281) be drawn as directed for Figs. 269 and 270. 
Produce C Pj and C Pj to and Kj (Figs. 280 and 281), make C equal C K*, then 
(Fig. 280) join Kj Ri, &c., Ki Rc; K. R^, R^, &c., R,, also in Fig. 281 

join Kj R7, Kj Rg, &c., Rjj ; R,, Re, &c., Kj Rjj. Fig. 280 will give the 

positive, and Fig. 281 tho negative scalenohedron, the combination of whose faces 
together would give the double twelve-faced pyramid. 

Symbols. — If m P « be Neumann's symbol for the double twelve -faced 
pyramid from which the scalenohedron is derived, his symbol for the latter will 


be + 



rm P«T 

L-2 ■ J - 

L 2 J 


according as the scalenohedron is positive or 


negative. 

Nautnann's symbol for the rhomboid inscribed in the scalenohedron whose 
symbol is ^ " J 1® C K is equal to — times C P, hence 

Naiimann chooses tho arbitrary symbol R 2 — iT to represent the scaleno- 


hedron 




To describe, therefore, the scalenohedron derived from the double twelve-faced 
pyramid m P w, wo must describe tho rhomboid produce 0 Pj and C P.^ 


(Figs. 280 and 281), and make C Kcqual times C P. 

2 — n 

AU} wherem: 

and w = ^ ^ arc the relations between Naumann’s and Miller’s symbols for tho 

samo form. 

Nets for the ScaUnohedrons, 

Describe tho triangle RPi P3 (Fig. 282) as in Fig. 271, to form tho net of the 
rhomboid whose symbol is Bisect Pi P3 in C, produce CP, to K,, make 

CK, equaTg-^^ times CP„ produce CPa to K,, and make CK^ equal CKi. Join K^R 
and K2R. 

Then (Fig. 283) draw LM equal RP, ; on LM describe the triangle LMN, having 
its side LN equal RK,, and its side MN equal ItKy LMN will be a face of the . 
n 

scalenohedron ^ R^ ““ and twelve such faces, arranged as in Fig. 284, will 

form the net required. 


Minor’s symbol for the scalenohedron is r 



SCALENOUEDRONS. 


409 


Position of the Poles of the Hexagonal Sealenohedron on the Sphere of Prcjection. j 

If »iP;i be the symbol of the double twelve-faced pyramid from which the scalcuohe- I 

w - 1 

dron is derived, take an arc S^, such that tan MSj = off arcs MjSj., 

Mj Sj, M3 S5, &c., M« Me Sji, as in Fig. 255. Join CSj, CSo, CS„ &c., CS,j. Let 
B be the angular distance of a circle of latitude from C, such that ton B = 


m j 

-- V — w + 1 tan a, where a is the angular element for the substance of the crystal 



The poles Ti V4 T5 V, will bo those of the positive, and Tj Vj T* V3 V3 
those of the negative sealenohedron on the northern sphere of projection. 

The arc MS, which we may consider the longitude of the pole T, from the meridian 
CMi, we sliall represent by the symbol 

'Faeesof Sealetiohedrons and other form derived from the Double Tw^ve-faeed Pyramiids 
occur in Hature, in Crystals of the foUotcing substances. 

The form — 13 PU, or — 11 RW, Naumann; 8 5 4 Miller; rfi Brooke and 
Levy. 4^ = 3“ 5ff, in Quartz B = 86'* 24'. 

The form -J P^, or R4» Naumann; 11 0 T Miller; d^ Brooke and Levy, 
(p =; 4® . 18', in Dioptase B = 54® 35'. 

The form f Pf , or } 11^ Naumann ; 7 1 2 Miller ; di^ bi Brooke fnd Levy. 
^ z= 5® 49', in Pyrargyrite B = 52® 20'. 

The form — Pf, or — Naumann; 22 19 2 Miller ; di^ bi Brooke 
and Levy. 0 = 6® 35', in Quartz B =: 36® 25'. 

The form f Pf, or R^» Naumann ; 0 7 1 Miller ; c^ Brooke and Levy. ^ = 6® 35', 
in Dioptiise B = 56® 55'. 

The form 8 Pf> or 6 R^’ Naumann ; 10 5 B Miller ; dt di ^tV Brooke and Levy. 
= 6® 35', in Quartz 5 = 84® 3'. 
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The form 1 1% or f 11^ Naumann ; 7 1 0 Miller ; Brooke and Levy. ^ = 7® 
in Galcite 0 = 38’ 68'. 

The form i or Naumann ; 6 01 Miller ; d® Brooke and Levy. i(> = 7’ 3tV, 
in Calcitc e = 52® 18'. 

The form ^ P^, or Tlr» Naumann ; 6 1 0 Miller ; Brooke and Levy. <> = 8’ 57', 
in Colcito 0 = 38’ 8'. 

The form Pf, or ll*”» Naumann ; 5 0 1 Miller ; <?* Brooke and Levy. = 3’ 57', 
in Calcitc 0 = 53’ 57'. 

The form G P^-, or 1 ll?> Naumann ; 4 1 2 Miller ; Brooke and Levy. 

<l> == 8 * 57', in Dolomite 0 = 79’ 25', and Quartz 0 z= 81’ 57'. 

Tho form P-J, or J TlS> Naumann ; 3 7 5 Miller ; di Brooke and Levy. 
</> = 10’ 51', in Corundum 6 z= 58" 2'. 

The form P^, or Naumann ; 0 4 I !M01er ; d-^ Brooke and TiCvy. 0 = 10’ 51', 
in Apatite 6 = 69’ 57', Calcito 0 = 56’ 26', Emerald 0 =z 56’ 44', and Pyrargyritc 
e = 54’ 16'. 

The form — J Pj, or — Il-»» Naumann; 2 3 2 Miller; ra Brooke and Levy. 

0= 10’ 54', in Apatite 0 = 69’ 57', and Emerald 0 z=r 56® 41'. 

'The form — y PJ, or — 2 ILo Naumann ; 5 3 5 Miller ; rji Brooke and Levy. 

0 r= 10’ 54', in Calcitc 5 = 71^ 39'. 

The form 5 PJ, or 3 Naumann ; 10 2 5. Miller ; d*' d\ irV Brooke and JiCvy. 
^ = 10’ 54', in (inartz 0 = 80’ 15'. 

Tho form J P-Jf, or Naumann; 11 0 3 Miller; Brooke and Levy. 
0=11’ 44', in Calcitc 0 = 57’ 35'. 

The form — J P^, or — J RS> Naumann ; 4 3 5 Miller ; di lA Brooke and 
Levy. 0 = 12’ 13', in Calcite 0 = 63’ 39'. 

The form — J P } or — ^ R'^ Naumann; 1114 2 Miller ; b~h 5^ Brooke and 
Levy. 0 = 13’ 54' in Quartz 0 = 26’ 58'. 

Tho form ^ P }, or f R’ Naumann ; 4 1 0 :Millcr ; Brooke and Levy. 0 = 13’ 54' 
in Calcite 0 = 35’ 26' and Pyrargyrito 0 = 33’ 16'. 

'The form 2 P J, or R® Naumann ; 3 0 I Miller ; d^ Brooke and Levy. 0 = 13’ 54' 
in Calcitc 0 = 60’ 39', Dioptoso 0 = 65’ 33', Hematite 0 = 46’ 4', Phenakite 
0 = 53® 37', and Tourmaline 0 = 42’ 59'. 

The form — 2 P or — R- Naumann ; 7 4 6 Miller ; ^ b^ Brooke and Levy. 
0 = 13® 54', in Dioptasc 0 = 65’ 33'. 

The form 4 P }, or 2R^ Naumann; 8 14 Miller; cT d^ 5’^ Brooke and Levy. 
0 = 13’ 64' in Quartz 0 = 77° 41'. 

The form — 4 P or — 2 R® Naumann ; 2 1 2 Miller ; e j Brooke and Levy. 
0 = 13® 54', in Calcite 0 = 74’ 18', Phenakite 0 = 70® O', Quartz 0 = 77° 41', and 
Tourmaline 0 = 61’ 47'. 

The form — V ^ V> 4 Naumann ; 16 17 8 Miller ; rrfr Jit Brooke and 

Levy. 0 = 15® 18', in Quartz 0 = 76’ 31'. ^ 

The form } P^ or i R^ Naumann ; 1 6 1 Miller ; Broedee and Levy. 0 = 16® 6' 

in Apatite 0 = 56’ 44'. 



SCALENOHEDRONS. 


411 


Tho form — J P or — i Nauniann ; 3 o 2 Miller; ^4 Brooke and 

Levy, fp = 16“ 6', in Apatite B =: 56^ 44'. 

Tho form — P or — § Naumann ; 5 5 9 Miller ; Brooke and Levy. 

= 16" 6', in Calcite.6 = 53'* d2'. 

Tho form J P J, or R'J Naumann ; 0 5 2 Miller ; Brooke and Levy. ^ = 16" 6', 
in Apatite $ = 76® O', and Calcite $ = 64® 2'. 

■ Tho form — J P or — R^ Xaumann ; 3 4 2 Miller ; d^ di 4^ Brooke and Levy. 
0 = 16® 6', in Apatite 6= 76“ 0' and Calcite B = 64" 2'. 

Tho form — P V, or — } R^ Nauniaun; 14 16 7 Miller; Brooke 

and Levy. ^ = 17“ O', in QuarU B = 76“ 7'. 

Tho form — 4 ^ — 4 Naumann; 0 2 3 Miller; Brooke and Levy, 

(f> = 19“ 6', in Calcite B = 27® 34'. 

Tlic form J P f , or J R*’ Naumann ; 3 1 0 ^Miller ; Brooke and Levy. 0 = 19“ 6', 
in Calcite B = 33“ 8', Phenakite B = 26“ 46', Proustitc 6 = 31® 32', and PjTargyritc B 
= 3r 2'. 

Tho form % P -J, or ^,R‘ Naumann ; 5 I 1 Miller ; Brooke and Levy. (f> = 19" 6', 
in Corundum B = 59“ 1', Hematite B = 58“ 57', and Pyrargyrite B = 43“ 56'. 

The form .J P or — j R’ Naumann; 112 Miller; e.^ Brooke and Levy. 
0 = 19’ 6', in Calcite 6= 52“ 33*, Dioptase B = 58“ 13', Hematite B = 64® 17', 
Phenakite B = 45® 14', Pyrargyrite 50® 17', and Tourmaline B = 34“ 22'. 

The form V ^ f > or ^ R^ Naumann ; 11 1 4 Miller ; d^ d ^4 Brooke and Levy. 

= 19“ 6', in Pyrargyrite B = 56® 24'. 

Tho form — ^ P 5, or — § R* Naumann ; 5 3 7 Miller ; rfa ^4 Brooke and 
Levy. = 19“ O', in Calcite B = 64® 25'. 

The form 3 P ?}, or R^ Naumann ; 2 0 1 Miller ; rf- Brooke and Levy. = 19“ 6', 
in Calcite B = 69“ 2', Chalyhite 6 = 68“ 35', Dolomite Bz=: 68“ 32', Eudialyto 0 = 81“ 11', 
Hematite B = 76" 28', Phenakite 6 zz 63“ 38', Proustito B == 67“ 50', Pyrargyrite 
B zz 67*’ 27', and Tourmaline B zz 53“ 49'. Calcite has an imperfect cleavage parallel 
to this form. 

The form 3 P .f, or R^ Naumann ; 4 2 5 Miller ; d^ di 5^ Brooke and Levy. 
0 zz 19“ 6', in Calcite B = 69“ 2' and Quartz B zz 73“ 26'. 

The form V ^ f’ or ^ R’ Naumann ; 15 1 9 Miller ; eP Brooke and Levy. 
^ = 19“ 6', in Calcite B zz 76“ 32'- 

The form.— 6 P ^ , or — 2 R® Naumann; 3 1 3 Miller; Brooke and Levy. 

= 19" 6', in Calcite B zz 79® 9', Hematite B zz 83“ 8', and Pyrargyrite B zz 78“ 16'. 

Tho form y P y, or rV Naumann; 7 0 4 Miller; Brooke and Levy. 
^ = 19“ er, in Calcite B zz 72“ 30. 

Tho form — * 2 P |, or ^ R* Naumann ; 3 2 5 Miller; d^ Brooke and 
Levy. 0 zz 19“ 6', in Calcite 6 zz 69“ 66'. 

The fiffm j P f, or — |'R* Naumann; 10 14 5 Miller ; d^ d^ 5^ Brooke aad 
LovyV ^ zz 21“ 47', in Quartz B zz 71“ 21'. 

The form 4 P |, or R* Naumann ; 5 0 3 Miller ; Brooke and Levy. ^ zz 21® 47", 
in Calcite $ zz. 73“ 51. 



412 


SCALENOHEDRONS. 


The form } P f , or -J Naumann ; 4 1 1 Miller ; 04 Brooke and Levy. ^ = 25® 25% 
in Corundum 0 =: 59® 45% Emerald 0 = 47® 24% and Hematite 0 =z 59® 41% 

** Tho form — ^ P or — E* Naumann ; 5 11 4 Miller ; Brooke and Levy. 

^ zz: 25® 25% in Emerald 0 =z; 47® 24% 

Tho form — V* ^ a» — t Naumann; 3 3 7 Miller; ej Brooke and Levy* 
^ zz: 23® 25% in Galcite 0 zz 50® 52% 

The form P or i E* Naumann ; 4 11 2 Miller; bi Brooke and Levy. 

^ z= 23® 25% in Quartz 0 = 61® 33% 

The form — ^ P J, or — J E» Naumann ; 2 1 3 Miller ; di b'^ Brooke and Levy. 
^ zz 23® 25% in Colcite 0 =z 65® 4% and Hematite 0 zz 73® 42% 

The form 5 P or E^ Naumann ; 3 0 2 Miller ; Brooke and Levy. 0 = 23® 25% 
in Colcite 0 = 76® 55% Emerald 0 zz 77® 3% Proustite 0 zz 76° 7% Pyrargyrite 
0 s 75 ® 51% and Tourmaline 0 zz 66® 4% 

Tho form — 5 P or — E* Naumann ; 2 8 7 Miller ; b^ Brooke and Levy. 
^ zz 23® 25% iu Emerald 0 s=s 77“ 3% 

The form — y P y , or — § E* Naumann ; 14 22 7 Miller ; cri* Brooke and 
Levy. ^ = 24® 30% in Quartz 0 = 69® 20% 

Tho form P J or -jiy E* Naumann; 7 3 0 Miller; bi Brooke and Levy, 
zz 25® 17% in Calcitc 0 = 37® 37% 4 

The form — ^ P or — E^ Naumann; 2 2 5 Miller; Brooke and Levy. 
^ zz 25® 17% in Calcitc 5 = 57’ 1% 

The form ^ P L or J E* Naumann ; 5 I 2 Miller ; d^ rfi b^ Brooke and Levy. 
ip = 25® 17% in Pyrargyrite 0 = 54® 9% 

The form 7 P or E^ Naumann ; 4 0 3 Miller ; ^ Brooke and Levy. 0zz 25’ 17% 
in Calcite 0 = 82® 36% and Pyrargyrite 0 = 79® 46% 

The form — f P {1 or — J E® Naumann ; 5 1 4 Miller ; d^ di 55 Brooke and Levy. 
<p ss 26® 20% in Dolomite 0 s 74® 58% 

Tho form 9 P f , or E» Naumann ; 5 0 4 Miller ; efi Brooke and Levy. ^ = 26’ 20% 
in Calcitc 0 = 82® 30% 

The form 11 P Vi or E'^ Naumann; 6 0 5 Miller; d^ Brooke and Levy. 
^ == 27® 0% in Calcitc 0 = 83® 56% 

The form 12 P f or E'® Naumann ; 1 3 0 fl Miller ; Brooke and Levy. 
^ = 27® 15% in Calcite 0 zz 84® 26% 

Other fwtM derived from the Double Twelvtfaeed Tyramid,^\i the faces of the upper 
pyramid, whose poles are marked by T^ Vj T 3 Tj and Vs (Pig. 255), are produced to 
meet the corresponding faces of the lower pyramid ; the resulting form will be a dwiblt 
eix faced pyramid similar in form, but different in position to the double six-faced 
pyramids derived from those of the first and second order. Tho remaining twelve faces 
being produced to meet each other will produce a similar double six faced pyramid. 

From these double six faced pyramids^ rhomboids and double three faced pyramids may 
be produced by producing half their fhces to meet each other. 

If the alternate faces of tho upper pyramid, whose poles arc T| Vi T 3 V, T^ and Vj 
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(Fig. 255), bo produced to meet the faces of the lower pyramid corresponding to Ve To 
Vs T4 V4 and Te, the resulting figure will be a double nx-faeed irapezohedron. 

Half the faces of this irapezohedron, namely those corresponding to T| T, and T5, 
for the upper pyramid, and Ts T4 and for the lower, when produced to meet will 
form a dotible three-faeed irapezohedron. This figure may also be formed by producing 
tho alternate faces of the upper part of the scalenohedron to meet the alternate faces of 
the lower scalenohedron 'i^hich do not correspond to them. 

Tho doMo three-faeod irapezohedron may be regarded as a hemihedral form of cither 
tho doubU dx-faeed irapezohedron or the hexagonal eeaUnohedron^ and consequently a 
tetartohedral form of the double twclye-faced pyramid. Tho forms of quartz given 
under the head of scalcnohedrons, generally present in their combinations this species 
of tho ieiariohedral forme. 

FBINCIFAL COMBINATIONS OF TKB BlIOMBOHEDllAL SYSTEM. 

Fig. 280. Combination of the double eix-faeed pyramid of the second order ^ with tho 
hexagonal prism of ihe second order, a, faces of the negative rhomboid — 11 Naumann, 




12 2 Miller, e^ Brooke and Levy. 5, faces of the negative rhomboid B Naumann, 

10 0 Miller, and P Brooke and Levy, e, faces of the hexagonal prism of the second 
order, oo P Naumann, 2 1 i Miller, and e'^ Brooke and Levy. 

Fig. 287. Combination of the double six faced pyramid of ihe second order with the 
hexagonal prism of ihe firsi order, a, faces of the negative rhomboid, b, faces of the 
positive rhomboid, e, faces of the hexagonal prism of the first order, 00 P 2 Naumann, 

011 Miller, and Brooke and Levy. 

Fig. 288. Combination of the hexagonal prism of ihe second order with tho double 
six faced pyramid of the second order, a, faces of negative rhomboid. ^ 5, faces of 
positive rhomboid, c, faces of hexagonal prism of tho second order. 

Fig. 289. Combination of two positive rhomboids, r, faces of the rhomboid whoso 
symbols are It Naumann, 10 0 Miller, and P Brooke and Levy, s, faces of tho 
rhomboid whose symbols are 2,lt Naumann, 5 1 i Miller, s* Brooke and Levy. 

F\y, 290. Combination of a positivo and negative rhomboid, r, faces of tho 
rhomboid 2 It Naumann, 5 11 Miller, e* Brooke and Levy, s, faces of the rhomboid 
— It Naumann, 12 2 Miller, e^ Brooke and Levy. 
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Fig. 291. Combination of a scalenohedron and thomboid. r, faces of tibe rhomboid 



Naumonn, 2 0 1 Miller, Brooke and Levy. 

Fig. 292. Combination of the positive rhomboid with the hexagonal prism of the 
first order, r, faces of the rhomboid, r, faces of the prism. 





Fig. 293. Combination of a positive scalenohedron with the hexagontd prism of the 
second order. faces of scalenohedron. r, faces of prism. 

Fig. 294. Combination of a positive scalenohedron with the hexagonal prism of the 
first order. /, faces of scalenohedron. e, faces of prism. 

Fig. 29o. Combination of hexagonal prism of the second order with positive 
rhomboid, c, faces of prism. R, faces of rhomboid. 
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Fig. 296. Combination of hexagonal prism of the first order with a positiTe rhomboid, 
faces of prism. B, faces of rhomboid. 



Fig- "95- » Fig. 296. Fig. 297. 


Fig. 297. Complex combination of forms in a crystal of Beryl. 

m, face of basal pinacoid, 0 P Naumann, 111 Miller, a} Brooke and Levy. 

P, faces of the double six-faced pyramid P Naumann ; or faces of the rhomboid li 
Naumann, 10 0 Miller, P Brooke and Levy, and the rhomboid — It Naumann, T 2 2 
Miller, ^ Brooke and Levy. 

II, faces of the double six-faced pyramid 2 P Naumann ; or faces of the rhomboid 
2 li Naumann, 6 i I Miller, a* Brooke and Levy, and of the rhomboid — 2 B Naumann, 
111 Miller, Brooke and Levy. 

a, faces of the double six-faced pyramid 2 P 2 Naumann, 14 2 Miller, A lA 
Brooke and Levy. 

r, faces of the scalenohcdron Naumann, 2 0 1 Miller, d- Brooke and Levy. 

Xf faces of the scolcnohedron — ' B^ Naumann, 4 2 5 Miller, ifi di Brooke and 
'Lo^y. 

X and V, together, giving the faces of tho double twelvo-faced pyramid 3 P {• 
Naumann. 

M, faces of tho hexagonal prism oo P Naumann, 2 11 Miller, Brooke and Levy. 

Fig. 298. Complex combination of forms in a crystal of Apatite. 

P, face of basal pinacoid, 0 P Naumann, 111 Miller, Brooke and Levy. 

M, faces of the hexagonal prisms, oo P Naumann, 2 11 Miller, Brooke and 
Levy. 

c, faces of the hexagonal prism, oo P 2 Naumann, Oil Miller, Brooke and 
Levy. 

a, faces of the pyramid, P2 Naumann, 5 2 1 Miller, di dA 5' Brooko and Levy. 

«, faces of the pyramid, 2 P 2 Naumann, 14 2 Miller, d^ Brooke and* Levy. 

d^ fiicca of the pyramid, 4 P 2 Naumann, 17 5 Miller, d^ dA Brooke and Levy. 

x^ faces of the pyramid, P Naumann ; or of tho rhomboids, B Naumann, 100 Miller, 
P Brooko and Levy; and — B Naumann, 12 2 Miller, ^ Brooke and Levy. 
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Zf faces of the pyramid, 2 P Naumann ; or of the rhomboids, 2 B Naumonn, 5 11 
Miller, Brooke and Levy ; and of — 2 B Naumann, ill Miller, Brooke and 
Levy. 

r, faces of the pyramid, j F Xaumann ; or of the rhomboids, ^ B Naumann, 4 11 
Miller, a* Brooke and Levy ; and of — ^ B Naumann, Oil Miller, and 5^ Brooke and 
Ury. , 



Fig. 208. Mg. 290. Fig. 300. 


Fig. 299. Complex combination of forms in a crystal of calcareous spar. 

1’, faces of the rhomboid, B Naumann, 10 0 Miller, P Brooke and Levy. 
jh, faces of the rhomboid, 4 B Naumann, 3 1 *1 Miller, o* Brooke and Levy, 
y, faces of the scalenohcdron, B^ Naumann, 3 0 2 Miller, Brooke and Lovy. 

r, faces cf the scalenohcdron, Naumann, 2 0 T Miller, Brooke and Levy. 

5, faces of the scalenohcdron, J B" Naumann, 15 1 9 Miller, d^ d^ Brooke 
and Levy. 

r, faces of the hexagonal prism, x P Naumann, 2 11 Miller; e* Brooke and Levy. 
Fig. 300. Complex con^ination of forms in a crystal of quartz. 

P, faces of the pyramid, P Naumann ; or of the rhomboids, B Naumann, 10 0 

Miller, P Brooke and Levy ; and — B Naumann, 12 2 Miller, ei Brooke and Levy. 

5, faces of the pyramid, P Naumann ; or of the rhomboids, ^ B Naumann, 

13 2 2 Miller, Brooke and J^evy ; and — 4 B Naumann, 7 8 8 Miller, ei Brooke 
and Levy. 

m faces of the pyn^id, 3 P Naumann ; or of the rhomboids, 3 B Naumann, 

722 Miller, ez Brooke and Levy ; and 3 B Naumann, 5 4 4 Miller, ei Brooke and 
Levy. 

a faces of the pyramid, 4 P Naiunann ; or of the rhomboids, 4 B Naumann, 3 11 

Miller, Brooke and Levy, and — 4 B Naumann, 7 5 5 Miller, ei Brooke and 
Levy. 

s faces of a double three-faced pyramid derived from the double six-faced pyramid, 
2 P 2 Naumann, 14 2 llilillcr, eH di Brooke and Levy. 
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0 faces of the double threo-faoed trapeaebodroa derived from tbe scalenobedion 

— Nsumann, 4 2 6 Miller, Brooke and Levy. 

X fiftces of the double three-faced trapeaohedron derived from the scalenohcdron 2 B^ 

Kaumann, *8 r4 Miller, 6*^ Brooke and Levy. 

y faces of the trapezohedron 3 B^ Kaumann, 10 2 o Miller, Brooke 

and Levy. 

u faces of the trapezohedron 4 B‘^ Kaumann, 4 1 2 Miller, d^ d^ Brooke and 
Levy. 

V faces of the trapezohedron 6 B^ Kaumann, 16 5 8 Miller, d^ Brooke and 
Levy. 

r faces of the hexagonal prism oo P Kaumann, 2 I 1 Miller, s- Brooke and 
Levy. 

d faces of the dihcxagonal prism oe P | Kaumann, d'r4 Miller, d^ dV b^ Brooke 
and l^vy. 


FOUATH SYSTEM — ^PAISMATIC OB RIIOMDIC. 

This system is called the Prismatic or Rhombic^ as its forms may be derived either 
from the prism, or octahedron on a rhombic base. It has also been called the orthohjpe 
and the one and one axial system. 

The holohadral forms of this system are a right prism on ^ rectangular base, thix:c 
kinds or orders of right prisms on a rhombic base, and the double four-faced pyramid on 
a rhombic base. The Jhsmihcdral form is the rhombic spJicmid derived from the double 
four-faced pyramid. 


Alphabetical list of Minerals belonging to the Prismatic System, with the Angular Elements 
from which their Typical Fo^mu and Axes may be derived. 


Acsehynito 
Alstonite . 

AmbWgonite 
Andalusite 

Anglesite (sulphate of lead) • 
Anttmonsuber . 

Antimonite • . 

Aragonite (carbonate of lime) 
Baryte (sulphate of barytes) 
Bismuthine . 

Bournonite . • 

Biochantite 

Brookite . 

Galedonite (cupreous sulphaio- 
carbonate of lead) • 
Celestine (sulphate of strontian) 
Cerusslte (carbonate of lead) 
Cbildrenite 
Chloanthile 
Chrysoberyl 
Comptonite 
Cordieiite 
Ootunnite 
Cryedito • 

DathoUte. 

Diaspore . 

Bnfrenile (pho^hate of iron) 
Epistilbite . 

Bpsomite (sulpbate of magneila) 
Bufihrdte • 


26 « 2 (r; 330 40 ' 
300 34 '; 300 27' 
Unknown. 
44038'; 350 y 
880 11'; 520 ly 
300 or. 33053^ 

44037'; 450 3 y 

310 5y; 330 47f 

390 ly; 520 4 y 
440 sy; Unkn. 
430 ly; 410531 
370 5 y; 140 4 ' 
400 y. 430 2y 

420 8y; 540 3ir 
370 5 y; 52 ® 4 ' 

810 23 '; 350 sy 

840 y. 320 44f 

Unknown. 

250 11'; 300 p 

Unknown. 

300 2 y; 290 11 ' 
400 r; 200 sy 
Unknown. 

880 2y; 200 84 ' 
430' 4 '; 800 sy 
Unknown. 

230 2 y; 100 ly 
44048'; 20 o 4 y 
spay; 400 4. 


Kndnopbito • 

Fayaliie . • 

FlnelUte . 

Qodolonite 

Glaserile (sulphate of potash) 
Glaucodote 

Ooslarite (sulphate of zinc) . 
Gdthite . 

Haidingeritc • . • 

Harmotome . , 

Herderite 
Jlvaite . 

Jamesonite 

Karstenite (anhydrous sulphate 
of lime) 

Leadhillite (snlphato-carbonato 
of lead) 


Liroeonite (octahedral ii 
of copper) 

Lonnite . 


Unknown. 

420 4y; 49a 
370 3.V; 010 5.s» 

800 ly. 3(,» 

290 48'; 300 44' 
Unknown. 

440 3y; 29P5h' 
420 84'; 310 l.y 
400 y. 200 31' 
440 7'; 34047' 
320 3». 230 1' 
34' 24'; 24031' 
390 2 y: Unkn. 

410 42'; 44’2.V 


29' sy; 51-*37' 
l430 5y; 350 4' 

soo2y; 300 2y 
Unknown. 


LSlingite. . . 280 47'; 41o ly 

Manganite . . 40o ly; 28®3.y 

Marcosite . . 86057'; 490 50' 

MBseagnlne(8a1ph. of ammonia) 290 2y; 30® ly 
Mendipite • • Unknown. 

Mengite . • . 21o sy; 19® 14' 

Mesotype. . 44®8y; 19® 2y 

Mispiokel • • 84® y; 49® Sy 

Montioellite • • 41® y; 48® 4y 


INORGANIC NATURE.— No. XIV. 


2 e 
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Niobite , 

Nitre (nitrate of potadi) 
OUremtc (right prismatic ar- 
Bcniate of copper) 

OUrine • 

Orpiment 
Fatrinite . 

FhiUipsite 
Fiorosmine 
Folianitc . 

Folyhalite 
Polykrase' , 

Polymlgnyic 
Porzellanspath 
Frchnite . 

Pyrolusitc 

Fyrophyllite 

Kodrutnitc 

Rcmolinito (muriate of copper) 
Roselitc . 

Samarskitc 

Schulzito 

Scorodite (martial arseniate 
of copper) 

Smitlisonito (Kiliccoua oxide 
of zinc) 


39M0^; 4P16' SUnroUte • . 25«9(K 

8(F35'; 33^ F Stepbanite . . 32o 1(K 

Stembergitc . . SiPlT 

43My; #35' Stilbite . . . 42»52' 

42^* 38'; W 33' Strontlanite (carbonate of 
30» S'; 33<» O' strontian) . . 31® 21' 

Unknown. Stromeyeritc . . 80** IT 

440 24'; 34059* Struvite . . . 28« ST 

26^34': leMS' Sulphar . , . S9> V 

43® 34'; 31® O' Sylvanltc. . . 34® ST 

Unknown. Tantalite . . .39’ 14' 

20® O'; 18® 53' Thenardite (sulphate of soda) 25® 19' 

35® 7'; 31®24r Thermonatrite (prismatic cur- 
Unknown. bonate of soda) . 20® 1' 

40®. T; 40’ O' Topaz . . . 27® Si/ 

43® 10'; 20® O' Triplite (phosphate of man- 
Unknown. ganeso) . . ITnknown. 

80’ 12'; 44® 8' TjTolite . . . Unknown. 

33® 50'; 37® 10' Valcntinite . . 21® 31'; 54® 44' 

23® 30; 31® 51' Wavellitc . . 26® 47'; 20’ 34' 

39’ 40'; 41® 16' Witherite (carbonate of barytes) 30’ 45'; 86’ 33' 
Unknown. Wolchite . . • Unknown. 

Wolfram (tungstate of iron) . 39’ T; 40’ 46' 

40® 59'; 43’ 39' Wolfsber^tc . . 22’ 24'; ' Unkn. 

Zinckenite . . 29’ 40'; 8’ 30' 

38’ 3'; 25’ 46' Zwisclite . . . Unknown. 


34® 26' 
40® O' 
87® 4' 

85® 54' 
44® S' 
31® 34' 
62® 12' 
81® 26' 
83® 6' 
28® 50' 

48® 5' 
43" 31' 


The Bight B.ectangulax Piism. — ^Thc right rectangular prism, or the right 

prism on a rectangular base, is a solid form hounded 
a by six faces ; these faces arc all rectangular paral- 
lelograms, and equal to each other in pairs ; thus 
(Fig. 301 ), the face B5 B4 is equal to the 
face B.^ B^ B„ Bj B^ B5 to B;, B^, and 

Bi Ba Bj, B4 to B5 Bg B, Bg. 

Modem writers consider this prism as a com- 
bination of three open forms, each form consisting 
of a pair of parallel faces ; the bases of the prism 
arc then called the basal pinacoids, the wider sides 
maero^pinaevidti, and the narrower b'racJty-pinacoids. 

Axes of the Right Rectangular Prism and the 
Prismatic System, — Join B, B., and Bo B4, cutting 
each other in F|, also Bq B,, and B5 By, cutting each 
^ ™ Bisect Bi Bg, Bg, B3 By, and B4 By 

points Ml, M.2, Mg and M4. Join M^ Mj, 
Bs As Bs Mo Mg, MgM4, and M4 Mj. Bisect Mg and Mg M4 

Fig. 301. ^ the points Gi and ^d M| M4 and Mg M, in 

and Hg. Join Pj Po, rij IL, and Gi Gg, cutting 
each other in C. The three lines P4 Pg, II, llg, and G, Gg, which are at right 
angles to each other, are the axes of the rectangular prism, and also of the 
vrismaiie sifstem, P^ Pg is called the principal axis, and 11 , 11 , and G, Gg the 
secondary axes. • 

Pazameten; — ^The 'somi-axes GP„ CG,, and (MI4, arc the parameters of the 
prismatic system ; the length of CG, is perfectly arbitrary, hut its length once chosen, 
the lengths of CP^ and CH, depend upon the angular elements already given fpr each 
mineral belonging to the system. • * 

To determine CP, and CH, draw CG (Fig. 302 ) of any< crnivenicnt length, as the 
(trhii) ary unit of the system of axes. • • 
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Draw CP perpendicular to 6 G. Lot • be the angle giyen in the fizati and /9 the 
angle given in the second column of the angular elements. 

Draw EG making the angle a, and PG making tho angle 
with GC. 

Let H and P bo the points where GH and GP meet the per- 
pendicular CP. 

For Aeschynitc, the angle CGH is 26° 20 ', and the angle CGP 
33° 46' ; for Alstonite, tho ang^e CGH is 30° 34', and tho angle CGP 
36° 28' ; and so on for the other substances belonging to the 
prismatic system. 

The lines CG, CE, and CP, thus determined, arc the parameters 
of the prismatic system; it appears, therefore, that the axes of 
this system are rectangular^ and its three paramticrc all uMqual to 
t'ach other. 



To draw the Bight Rectangular FrUm , — ^Draw B, (Fig. 301) nqual to twice GC 
(Fig. 302). Through Bg draw Bg B 7 , making an angle of about 30°, with Bg Bg. 

Make Bg B 7 equal to CE (Fig. 302). Through Bg draw Bg Bg equal and parallel to 
11? ; ioin. B, Bg. 

Through Bg draw Bg B 4 perpendicular to Bg Bg and equal to twice CP (Pig. 302). 

Through Bg, Bg and B, draw Bg B„ Bg Bg, and B, B.) parallel and equal to Bg Bg. 

Join the points B^ B^ Bg and Bg, and tho prism will be represented in pcrspectiyo. 

Symbols . — Each face of the rectangular prism cuts one of the three axes at a dis- 
tance from C (Fig. 301), the centre of tho axes, equal to the lengtk of one of the 
parameters, and is parallel to tho other two axes. • 

Tho two basal pinacoidsy or extremities of the prism Bj Bg B, Bg and Bg Bg B, Bg, 
f'lit the axis P| P 2 in the points Pi and Pj, and are parallel to the axes G, Gg and Ei Eg. 
rJio symbol which represents the relation of these fades of the prism to the axes 
is X 00 1 . 

Naumann’s symbol is OP ; Millci’’s 0 0 1 ; Brooke and Levy’s modification of 
llaiiy is P, when they regard tho right rhombic prism as the primitive form of the 
crystal. 

The two maero-pinacoidsy or broader sides of the pnsm, Bi Bg Bg Bg and B, B, B 7 B^. 

cut tho axis ITi IIo in the points Hi and Eg, and 
are parallel to the axes Pi Pj and Gi G^. The 
symbol representing this relation is x 1 x . 

Naumann’s symbol is x P x , Miller’s 010 , 

Brooke and Levy's E. 

Tho two braohy-pinacoidsy or narrower sides 
• of the prism, Bi B 3 Bg Bg and Bg B., B 7 Bg, cut 
the axis Gj Gg in tho points Gi and Gg, and are 
parallel to the axes II| II 3 and P* Po. The 

symbol representing this relation is 1 x x. 

Naumann’s symbol is 00 P x. Miller’s 1 0 0, 
Brooke and Levy's G. 

, ' To describe a Xet for the Right Rectangular 

mg. 303. Prism. — Take two parallclogranw equal to 

Bi Bg Bg Bg (Pig. 301), to represent the mOcro-pinacoidsy two others equal in length to 
these, but witli a breadth equal to twice CE (Fig. 302) for tho braehy-pinacoidsy and two 
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paralldograms each twice GG (Fig. 302) in breadth, and twice CH in length for the 
hoMlrpinaeoida ; airange these six rectangular parallelograms as in Fig. OOS, and the 
required net will be constructed. 

CryitaU of the following minerals have Faces parallel to the Basal FinaeoHs co od 1. 

0 P Naumann, 0 0 1 Miller, P Brooke and Levy. 

Aesdhynite Comptonito Tlvaite Olivine Strontianito 

Andaliulte Cordierite Jomesonitc Polyhalite Stromcyerite 

Anelealte Cotunnite Karatenite Polrmianite Sulphur 

Antiinonailber Cryolite Leadhillite Prehnite ByWanite 

Antlmonite Datholite Lo^ite Pyroluaite Tantalite 

Aragonite Diaapore Lolingite Redruthite Thenardite 

Barj^ Euchroite Manganite Roaelite Thermonatilte 

Biamuthine Eudnophite Marcoaite Seorodite Topaz 

Boumonite Fayalite Maacagnine Smithaonite Tjnrolite 

Brodkite Flucllite Mcndipitc Staurolito Witherite 

Galedonlto Gadolonite Miapiwel Stephanite 'Wolchite 

Celeatine Glaaerite Niobite Kternbergite 'Wolfram 

Cenieaite Herderite Nitre Stilbite Wolfabergite 

Chryaoberyl 

The following present Cleavages parallel to thisform^ 

Angleaite Chryaoberyl Jameaonite Maaeagrine StemhergHe 

AntimofuUber Oomptonite Karstenite Miapickel Tantalite 

Antimonite Cryolite Leadhillite Niobite Thenardite 

Baryte Budnophiie LManite Prehnite Topaz 

Boumonite Fayalite Lolingite Roaelite prolife 

Caledonite Glaaerite Manganite Bmithaonite 'wolfabergite 

Celeatine 


Minerals ^ohose Crystals present Faeee parallel to the Maero-pinaeoide oo 1 oo . 
00 f 00 Naumann, 0 10 Miller, H Brooke and Levy. 


Aeaeliynlte 

Comptonito 

Haidingerite 

Nitre 

Remolinite 

Andaluaite 

Cordierite' 

Harmotome 

Olivenite 

Bchulzite 

Angleaite 

Cotunnite 

Herderite 

Olivine 

Seorodite 

AntimouBilber 

Cryolite 

Ilvaite 

Orpiment 

Bmithaonite 

Antimonite 

Datholite 

Jameaonite 

Phillipaite 

Stephanite 

Aragonite 

Epaomite 

Karatenite 

Picroamine 

StUbito 

Baryte 

Eudnophite 

Libcthenite 

Polianite 

Struvite 

Biamuthine 

Fayalite 

Loganite 

Polykraae 

Sulphur 

Boumonite 

Gadolonite 

Manganite 

Polymignite 

Prehnite 

Sylvanite 

Tantalite 

Brookite 

Glaaerite 

Maacagnine 

Celeatine 

Goalarilc 

Mendipite 

Pyroluaite 

Wulchite 

Ceruaaite 

Chryaoberyl 

Guthite 

Niobite 

liedruthite 

Wolfram 


Cleavages parallel to this form oeeitr in the following minerale. 

Aeachynite Chryaoberyl Jameaonite Niobite Pyroluaite 

Andaluaite Comptonito Karatenite Olivine Seorodite 

Antimonite Cryolyte Loganite Orpiment Stilbite 

Baryte Eudnophite Manganite ^ Phillipaite Strmite 

Boumonite Fayalite Maacagnine * Picroamine Tantalite 

Celeatine Harmotome Mendipite Polymignite Wolfram 


Minerals whose Crystals present Faces parallel to the Braehy-pinaeoids 1 oo oo 
X F 00 Naumann, 100 Miller, G Brooke and Levy. 


Aeaehynite Biamuthine 

Alstanite Boumonite 

Andaluaite Brochantlto 

Anglcsite Brookite 

Anumonailber Caledonite 

Antfanonlte Oeleattne 

Aragonite Geruasite 

Baryte ChUdrenite 


Chryaoberyl 

Comptonito 

Cordierite 

Cotunnite 

Crmlite 

Datholite 

Diaapore 

Epiatilbite 


Epaomite Harmotome 

Euehroite Herderite 

Eudnophite Ilvaite 

Fayalite Jameaonite 

Glaaerite Karatenite 

Ooili^to Leadhillite 

OOthite Ubethenito 

Haidingerite Logonite 
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Manganito OliTenite Prehnlte Btembergite Topaa 

Masoagnine OllTine Pyrotusite Stilbite Tyrolite 

Mendlpite Orpiment Bedruthite Stronttanite Yalentinita 

Hen^te Philhpsite Bamolinite Stromejerite 'WaYallltc 

Mesotypa Piorosmine Roaelite Struvita Witherita 

Miapickel Polianite Boorodite Sylvanita WOlohita 

Mon^ellite Polyhalite Smithsonite Tantalite Wolfram 

Nioblte Polykrase Staurolltc Thenardite Wolfabergite 

Nitre Polymignite Stephanito Thermonatrito Zinckenite 


Cleavages parallel to this form occur in the following minerals. 


Alstonite 

Childrenite 

Glaserite 

Nitre 

Stephanito 

Andalnsite 

Chryaoberyl 

Oothite 

Olivine 

stmte 

Angleslte 

Oomptonite 

JIaidingerite 

Orpimeftt 

Strontianite 

AsHmonite 

Cordierite 

Sarmotome 

Phillipsite 

TaataUte 

Aragonite 

Cryolite 

Jameaonite 

Fierotmine 

Thennonatritc 

BWTt. 

‘ Datholite 

Karetenite 

Polianite 

Wavellite 

Bournonite 

Biatpore 

Leadhillitc 

Polymignite 

Witherite 

BroehanUte 

Bpisfitbite 

Manganite 

Fyrolusiie 

WSlohite 

Brookite 

JBpeomite 

Mateagnine 

Bemolinite 

WbMram 

C&ledonlte 

Eudnophite 

Mendipite 

Scorodito 

Wbl/bbergifc 

Celeitine 

Fayalite 

Biobite 

Staurolite 



Bight Rhombic Pslsm of the That Older.— The right rhombic prism of the 
A 2 first order, or the rectangular prism on a rhomhic hose, is 

a solid hounded by six faces, four of which are rectan- 
^ gular parallelograms, such as Ej Ej A, (Fig. 304) ; 

^ I the other two arc rhombs. When this prism is con- 

! sidored as an open form, the four rectangular faces only 

I are taken as its flsces, the two rhombic faces which 

: inclose it being then regarded as the daeal pinacoide, 

j 7b draw the Rhomhie RtUgn of the First Order, — Bisect 


Fig. 304. 



Fig. 305. 


the edges B 4 , Bj B„ B, B 5 , and Bg B, of the prism (Fig. 

301), in the points A„ A,, A 3 , and A 4 ; also B| B,, B 4 Bj, 

B 5 Bg, and B, B,, in E|, Egi E,, and Eg. Frick off the points 

Ai, Aa, A 3 , Ai, El, Ej, E 3 and E 4 , and join these points, as in 

Fig. 304, and the prism will be represented. Flg.^. 

NyeiM.— Each face df this prism, considered as an open 
form, cuts two of the axes G| G, (Fig. 301) and Hi H,, at the extremities of their 
parameters, and is paralld to the third axis Pi P, ; the symbol representing this 
property is 1 1 od ; Naumann’sis » P, Miller’s 1 1 cb, and Brooke and Levy’s M. 

T\Reseriho a Net for the Rhomhie Frism, — Draw two Hues, Gi Gg and Hi H, (Fig. 
305), cutting each other at right angles in the point C. Make GGi and GG, each 
equal GG (Fig. 302), and GHi, GH, equal to GH (Fig. 302). 

Join Hi, Gp Hg and Gg, as in Fig. 305. Draw two such rhombs, also four equal 
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rectangular parallelograms, ihcir bread liis being equal to Hj Gj, aud ot any conycnient 
Icngtli. Airangc these figures as in Fig. 306, and the net will be dcscribed« 


Sphere of Projection for the 
Prismatio System.— To draw a 
map of the sphere of projection of 
the prismatic system, with Pj (Fig. 
307) as a centre, and any convenient 
radius Pj 0^ describe the circle Gy IIj 
Go. Let G, Go, and IIi IL, be any 
two diameters drawn perpendicular 
to each other. Then Pj, representing 
the north polo of the sphere of pro- 
jection, is the pole of the upper basal 
pinacoid oo oo 1, or 0 P, Naumann ; 
G, and G^ are the poles of the brachy- 
pinacoids 1 oo oo , or oo P oo , Xau- 
mann ; and and IIo arc the poles 
of tho macro-pinacoid oo 1 oo, or 
00 P 00 , Naumanu. 



Faces parallel to the Rhombie Prism of the First Order, 1 1 oo ; oo P Natmann ; 1 1 0 
Miller; M ProoJx and Zety ; occur in the following minerals : the angles are the longitude 
of their poles. 


Acnchynito 

4W 

GOthite . 


47’ 26' 

Polybalitc 


57’ 30' 

Alstonito 

2W 

Haidingcrito . 


50* (/ 

Polykrasc • 


70’ O' 

Andidufiite 

22' 

Iltirmotomc . 


45’ 53' 

Polymignitc • 
Prebnite 


54’ 53' 

Analesite 

49^ 

llerderite 


57’ 57' 


49’ 58' 

Antimoiisilbe 

(KIP 

llvaite • 


55’ S(/ 

Fyrolusite , 


46’ 50' 

Antimoiiitc 

4.'5'’ 2fF 

Jamesonite • 


50’ 40' 

Redruth itc • 


59’ 48' 

Araaoaito 

58<= 

Karstenite • 


48’ 18' 

Remolinite . 


56’ 10' 

Baryte 

50» 50' 

Leadhillite . 


60' 10' 

Rcjselito • 


66’ 2P 

BlBiuutbino 

4.3^ 

Libetbemto . 


46» 30' 

Scorodito 


49’ 1' 

Bouvnoiiitc 

4(r 

Liroconite • 


69’ 40' 

Smithsonite . 


51’ 57' 

Brochuntilc 


Lofrunitc 

Lolinpite 


Unkn. 

Staurolitc 


64’ 40' 

Brookito 

by 


61’ 13' 

Stephanito . 


57’ .50' 

Cab'donitc 

30' 

Manganite . 


49’ 50' 

Sternbergito . 


59’ 4y 

Cclcstinc 

52’ 1' 

Marcatiito 


53’ 3' 

Stilbito . 


47’ 8' 

Ceruasitc 

58’ 37' 

Masengnine . 


60’ 34' 

Strontianite . 


58’ 40' 

Chloantbite 

62’ 0' 

Moiidipite 


.51’ 18' 

Struvite 


Cl’ 25' 

Cbrywbevyl 

64’ 49' 

5[engite 


68’ 10' 

Sulphur 


50® sy 

Coniptoniie 

45’ 20' 

Mesotype 


45’ 30' 

Sylvanito 
Tbcnardite . 


55’ 24' 

Cordierito 

59’ 3.V 

Miapickel 


5.5’ 36' 


64’ 41' 

Cotunnito 

49’ .i3' 

lUonticeUito . 


48’ 55' 

'Topaz . 


62’ ly 

Datbolito 

51’ 38' 

Niobite 


50’ 20' 

Tyrolite 


Unkn. 

Epiatllbito 

Epsomite 

67’ 3.y 

Nitre . 


69’ 2y 

Vulentinite . 


68’ 2y 

45’ 17' 

OUvenito 


46’ 15' 

Wavellito . 


63’ IS' 

Euebroito 

.58’ 40' 

OltYine . 


47’ V 

Wiiherite • 


50“ ly 

Ettdnopbite 

60’ Qt 

Orpiment 


58? sy 

Wulchito 


Unkn. 

Fayalito 

Gadolorite 

47’ 20' 

Phillipsitc . 


45’ 36' 

Wolfram 


50® 5y 

59’ 4.5' 

FicroMiniiic . 


63’ 26' 

Wolfsliergite . 


67’ 36' 

Ghiaerite 

Ooslaiite 

60’ 12' 
45’ 21' 

Foliamito 


46’ 26' 

Zinokenite • 


60’ 2y 


The following minerals present Cleavages parallel to this form. 


Alstonite 

Andolusite 

Anglesite 

Antimonsilber 

Antimonito 

Araffonitc 

Maryts 

Blsmuthlne 


Broehantite 

Ctiledonlto 

Ccicstine 

Ceruesito 

Datbolito 

Kpsomito 

Etiokroite 

Qlascrite 


Jairirsonite 

Lcadhillitc 

Liroconite 

Loganite 

Manganite 

Maroufdte 

Mendipite 

Mesotype 


Slispickcl 

Nitre 

Ollvenite 

Frehnite 

Pyrolusitc 

Riednithito 

Smithsonite 

Ktiiurolito 


Strontianite 

Sulphur 

Thenardifee 

TopaK 

rafeatinite 


Wttvellite 

intherUe 
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Position of the Poles of the Right Rhombic Prism on the Sphere of Projection . — ^Tlio 
poles of this prism all Ho in the equator, if Q ho tho angle of longitude for each 
substance given above ; and if (in Fig. 307) 0^ Dj, Dj, Gj and G., D4, be cadi 
taken equal to 0, Dj, Do, Do and D4, will represent tho four poles of tho prism. 

Right Rhombic Prisms derived from the Right Rhombic Pnsm of the First Order by 
increasing the greater Axis (x, — These prisms will be similar, in all respects, to the 

prism of the first order, from which they are derived, except that CG^ and CGo (Fig. 
301) must be taken n times greater than GO (Fig. 302). Making this alteration, tho 

points Ap Ao, A3, A4, Ej, Eo, E3, and E^, will give tho angular- points of the derived 

* 

prism. Their symbols will be m 1 oo, 00 p n Naumann, hko Miller, IP ” ^ Brooke 
and liCvy. 

Faces parallel to the following forms of these Prisms have been observed in nature ; the 

angle is that of their longitude, 

• * * 

The form 1 1 oo ; x P J Naumann ; 3 4 0 Miller ; H' Brooke and Levy. 

Payalitc . . 55** 20' | Manganito . . 57° 4Xy 

The form*^ 1 oe ; 00 P^ Naumann ;• 2 3 0 Miller ; H* Brooke and Lc\*y. 

Baryte. • • • 61° 30' | Boarnonito • . 57° 50' 

The form § 1 « ; co P J Naumann ; 3 5 0 Miller ; H* Brooke and Levj*. 

CcruPBitc . 69° 36' 

The form 2 1 00 ; 00 P 2 Naumann ; 1 2 0 Miller; IP Brooke. and Levy. 


Aadalusito . . 63’ 44' Faiyalite . . 65° 12' Monticcllite 06° 27' 

Antimonito . . 63° 44' Giithite . . .65° 20' Nioblte , 67° 2if 

Baryte . . . 67° Sir Ilvaite . , . 7i° 6' Olivine . 65° 1' 

Bournonitc . . 61° 52' Libethenito . . 61° 22' Struvite 42° 32' 

Brookitc . . 67° 11' Manganite . - 67° 7' Wolfram 67° 52' 

Dinsporo • • 64° 57' I 


Diasporc has an imperfect cleavage parallel to tho above form. 

The form 4 1 00 ; oo P 4 Naumann ; 1 4 0 Miller ; II^ Brooke and Levy. 

Brookito • • 78° 7' | Mangaaite • • 78° 5' 

The form V ^ > 00 P V Baumann ; 2 11 0 ^liller ; Brooke and Levy. 

Brookite • • 61® 18' 

The foi-m V ^ > 00 P V ; 4 23 0 Miller ; Ipi Brooke and Levy. 

Brookite . . 81® 4(r 

Poles of these derived Rhmnbie Prisms of the First Order on the Sphere of Prrgeetion^ 

— ^If Gi G^ Zj, G3 Z3, and Gj Z4, on tho equator of the sphere of projection, ho each taken 
equal to the angle of longitude given above, in Fig. 307, l^ l^, Z3, and Z4, will be the four 
poles of the prism. If a be the angular clement given in tho first column, 0 tho 
longitnde of the prism n 1 oo, for any particular substance, then 

ton 0 = n cot a. * 

2 0 will he the inclination of tho faces of tho prism over the edges E^ E^ or E^ E4 (Fig. 
304) ; 180'’ — 28, their inclination over the edges A^ A., and A, A4. 

R^ht Rhombic Prisms derived from the Right Rhombic Prism of the First Order^ hg 
increasing the Lesser Axis Ei Hy — These prisms are derived from tho prism of tho 
first order, by making CIIi and CHj (Fig. 301) equal to n times CH (Fig. 301). 
With ibis alteration Ap A3, A4, E., E,, Ej and E4, will giro tho angular points of 
the new prism. 
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BIGHT BHOMBIC PRISMS. 


The Bymbol of these deriyed prisms will be I n oo ; 
Qii — i Brooke and Levy. 


00 F fi Naximann ; Miller; 


Faces parallel to the following fomte of these Trisms have leen dbeo'ved in nature ; the 
angle is that of their longitude. 

The form 1 | oo ; oo P 4 Naumann ; 4 3 0 Miller ; G' Brooke and Levy. 

Aiiglesite . • 43° 34* | Antimonite • • 37° 14' I Bournonite • . 38° 39* 

• Wavellito • . 5G° 3' 

The form 1 4 " > 1* 4 Baumann ; 3 2 0 Miller ; Brooke and Levy. 

Diospore . . 35° 30* I Manganite • • 38° 18' | Redruthite • • 48° 52* 

Euchroite . . 47° 80* Olivine • • • 35° 35* I 'Topaz • • .51° 37* 

Fayalite . • 35° 52* | 

The form 1 4 oo ; 00 P 4 Naumann ; 5 2 0 Miller ; G^ Brooke and Levy. 

Fayalito • . 23° 27* | Manganite • • 25° 21* , 

Tho form 1 2 00 ; 00 P 2 Naumann ; 2 1 0 Miller ; G’ Brooke and Levy. 

Aeschynite . . 45° 17* Dianpore . • 28° 9* Bemolinite . . 36° 43* 

Anglczitc . . 32° 27* Epsomite . . 20° 49* Sohulzite . . 30° 8 * 

Antimonsilbcr • 40° 54* Euchroite • • 39° 24* Scorodite • . 29° 55 ' 

Baryte . . . 31° 33* Ooslarite . . 26° 43* Sulphur . . 81° 49* 

Bournonite • • 28° 4* Gothite . • .28° 34* Sylvanite . . 35° 50* 

Broehantite . . 32° 42* Ilvaite . . . 36° 8 * Thermonutrite . 53° 5 y 

Celeatine • • 32° 38* Manganite . • 30° 38* Topaz . . . 43° 20* 

Cbrysoberyl . • 56° 47* Olivine . . . 18® 13* Wolfram . , 81*35* 

Gotunnite • . 30° 41* Orpiment . . 39° 40* Wolfsbergite . 50° 30* 

Datholite . • 32° 17* Polymignite . • 35*25^ 

Thoformlfoo; ooPlNaumann; 940Millcr; G^ Brooke and Levy. 

Tantalite • • 28° 33* 

The form 1 3 00 ; 00 P 3 Naumann ; 3 1 0 Miller ; G^ Brooke and Levy. 
Antimonsilbcr . 30° 0 * Glascrite • • 30°13* Mengite . . 39° 46* 

Bismuthine . . 18° 44' Ilvaite . . . 25° 57* Niobite . . . 21° 54 * 

Cerussite . . 28° 39* Lcadhillite • . 30° 10* Smithsonite . . 23° 4 * 

Chryaoberyl . . 35° 21' Manganite . . 21° 33* Sylvanite . . 25° 47 * 

Cordierite . . 29° 35^ Maacagnino . • 30*34* Topaz . , . 32°l(r 

Datholite .. 22*50* 


The form I4 « ; qo P | Naumann ; 7 2 0 Miller ; G t Brooke and Levy. 
Chrysoberyl . . 31° 17* 


The form 1 4 00 ; 00 P 4 Naumann ; 4 1 0 Miller ; G^ Brooke and Levy. 


Ilvaite • 
Leadhillite 


I Polymignite 
Bemolinite 


19° 35* Topaz 

20° 2y 


The form 1 5 oo ; oo P 6 Naumann ; 6 1 0 Miller ; G^ Brooke and Levy. 
Antimonailber 10° 6* ] Antimonite • • 11° 27' | Smithsonite . . 14° 20* 


Poles of these de^ ired RJiomhie Prisms of the First Order on the Sphere of PrtgeeUon^ ^e, 
— ^Take Gj G| K,, Go K3 and Gj K4 (Fig, 307 ) on the equator of tho sphere of 

projection, each equal to the angle of longitude given above. £3 K3 and K4 will bo 
the four poles of tho prism. 

Tf a be tho angular clement given in the first column, $ tho longitude of the prism, 
1 00 for any particular substance, then 

cot S = f » tan a * 

2d will be the inclination of the faces of the prism over the edges A| A3, A, A^ (Fig. 304 ) ; 
ISO'* — 20, their inclination over the edges E3 or E^ E4. 
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Alght Rhombic Riism of the Seoond Ordov*— Tho right rhombic prism 
of the second order is similar in form, hut different 
in position^ to that of the first order. The four faces 
(Fig. 308) whicharorectangularparallelogramsi cut the 
two axes Pj P, and Gi (Fig. 301) in the points P 
and G, and aro parallel to the third axis H 2 
(Pig. 301). 

The rhombic planes A 3 M 4 and A 3 

Ai M 3 which inclose the prism are the macro-pina- 
coids. 

To draw this prism, we have only to prick off the 
points A^, Aj, A 3 , A 4 , E 4 , E 2 , E-j, and E 4 from the 
Fig. 301, and join them as in Fig. 308. 

SymhoU.^ThQ symbol which represents the rela- 
tion of this prism to the axes of the prismatic system 

is 1 00 1 ; Xaumann’s P « ; MiUcT*s 10 1 ; Brooke 
and Levy's E^. 



Faces parallel to Um Prim of the Second Order occur in the following Minerals : the angle is 


Alstonite 36« 27' 

Andabisite 35<* Sf 

Anglesite 62° IF 

Antimonsilber 33° SF 

Antimonite 46^ 36' 

Aragonite 35° 47' 

Baryte . 52° 42' 

Boumonite 41° 54' 

Brochantite 14° 4r 

Caledonite 54° 31' 

Celestine 52° 4r 

Cerussite 35° 52' 

Chrysoberyl 30° 7' 

Gordierite 29° 11' 

Gotnnnite 26° 38^ 

Datholite 26° 34' 

Diaspore 30° 29' 

EplstUbite 16° 10' 


that of their latitude. 


Epsomite 

29° 58' 

Euchroite 

46° 4' 

Fayalite 

49° 11' 

Olaaerite 

86° 44' 

Goslarite 

29“ 58' 

Gothite . 

31° 16' 

Haidingeritc 

26° 31' 

Harmotomo 

34° 47' 

Karstenite 

44° 25' 

Leadhillito 

51° 88' 

Libethenite 

85° 4' 

LOlingite 

48° 50' 

Manganito 

28° 35' 

Maroasite 

49“ O' 

Mascagnine 

86° 10' 

Mispickel 

49°56r 

Monticellite 

48° 46' 

Nitre . 

35° 1' 


Olivenite 

34° 85' 

Olivine • 

49“ 83' 

Phillipsite 

84° 59' 

Polionite 

81° O' 

Pyrolusite 

20° O' 

Rmnolinite 

87° O' 

Smithsonite 

25° 47' 

Stephanite 

34°26r 

Strontianite 

85° 54' 

Struvite 

31° 84' 

Sulphur 

62°l2r 

Sylvanite 

Tantalite 

31° 26' 
33° O' 

Thermonatrite 

48° ft 

'Topaz . 
Valentlnite 

43° 31' 

54° 44' 

Withurite 

36°33r 

Woinam 

40“ 46' 


The following present Cleavages parallel to this form, 

Andaluaite Aragonite Epsomite Lollngite Nitre 

AntimonsUher Boumonite Euchroite Marc^te Topaz 


Position of the poke of the Right Rhombic Prism of the Second Order on the Sphere of 

Projection, 

The four poles of this prism all lie in the same meridian or zone G| P| Gj, (Fig. 
307). The poles Oj, in the northern hemisphere for any particular ^substance are 
determined by observing where the circle of latitude, whose north polar distance is 
equal to tho angle of latitude given above, cuts the meridian G| Pi Gj, the other two 
poles are whei'e the same circle of south latitude cut& the same meridian. 

The angle for determining the latitude of the poles of this form is that given in tho 
secondf column of tho angular elements, for substances belonging to the prismatic 
system. Let /9 represent this an^e. 

Then 2j9 and 180^ — 2/9 are the inclinations of the faces of this prism to each other. 
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PliTSMS DERIVED FROM THOSE *0? THE SECOND ORDER. 


RigM Rhombic Pzisms deviTod from those of the Second Ovdev.— 

By increasing or diminishing the axis 1\ Pj (Fig. 301), by making CPi (Fig. 301) 
equal to m times the parameter CP (Fig. 302), where m may bo any Avhole number or 
fraction greater or less than unity, and then from Fig. 301 so altered constructing a 
right rhombic prism of the second order, a new series of piisms may be described. 
Symbols , — ^Tho symbol which will r(jprescnt the relation of these prisms to the 

axes of the prismatic system is 1 « m ; Neumann’s is m P :o ; ^Miller’s h ol \ "Brooke 

m, 

and Levy's Fi^. 

Faces parallel to these derived JUtomhie Prisms of 11}^ Second Order^ udlh the following 
angles for determining the latitude of their poleSy have been observed in nature. 

The form 1 go P oo Naumann ; 1, 0, 12 Miller ; E Brooke and Levy. 

Cclcsiino . . 6> G' 

The form 1 go ^ P oo Naumann ; 1 0 6 Miller ; Brooke and Levy. 

Tantulito . . 6Mr 

The form 1 oo J i P qo Naumann ; 1 0 4 Miller ; Ev Brooke and Levy. 

Gndolinite . . 16<> 52' \ Marcasitc . . IC* 30' | Mispickel . ‘.16^ Ifi' 

The form 1 go J ; J P go Naumann ; 1 0 3 ^Filler ; Brooke and Tjcvy. 

Cclestinc . . 23^ 9' | Mnrcaslte . . 21® 33' I Sulphur . . 32’ 18' 

Valentinite . . 25’ 14' 

The form l oo J ; P « Naumann; 10 2 Miller ; E^ Brookb and Levy. 
Antimonite . , 27® 4^ IWaite . , .12® 5P Olivine ... 30® 24' 

Aragonite . . lO’ 4^ Lcadhillite . .32* W Smithsonitc . . IS® 34' 

Baryte . . . 33’ 17' Mispickel . . 31® 4r Stromcycrite. • 25® Sy 

Cerussitc . .19’ 52' Marcasite • . 30® 38' Thermonatrito . 2^ 7' 

Faynlito . . 30® 4' Nitre . . . 19® 19' Witherito . . 20® 21' 

GhBerite . . 5G® 11' 

The form 1 oo ^ ; J P go Naumann ; 2 0 3 Miller ; E^ Brooke and Levy. 

Datbolito . . 18® 26' I Roselitc . . 22® .W | Topaa . . .32® 19' 

Redrutliitc . . 32® 54' [ Sulphur . . 51® 40' | Wolfram . , 29® 54' 

The form l » ^ ; 4 P oo Naumann ; 4 0 3 Miller ; E ^ Brooke and Ijcvy. 

Brookite • . 51® 32' | Datholitc . . 33^ 41' 

The form ! go § ; ^ P oo Naumann; 3 0 2 Miller ; E^ Brooke and Levy. 

Aragonite . . 47® 14' | Ilerdcritc . . 32® 30' i Staurolito . . 45° 48' 

Strontianitc . . 47® 22t 

The form 1 » 2 ; 2 P oo Naumann; 2 0 1 Miller ; E^ Brooke and Levy. 

Aesohynito . . 53® 13' Epsoinite . . 49® 4' Redruthito . . 62® 44' 

Alstonite . . 55® 55' Ilarmotomo , . 54® 15' SmithRonito . . 44® O' 

Antimonsilber . 53® 20* 1 Waite . • .42® 23' Stephanito , . 53® 34f 

Aragonite . . 55® 15* Leadhillite . . 68® 24' Sternbergite . . 59® 12' 

Brookite . . 62® 6' Mascagnine . . 55® 37' Strontianite . . 55® 22* 

Ccrussito . . 55® 20* Niobite . . .60® 20* Sylvanito . . 50® 4y 

Childrenite . . 52® *7' Nitre . . . 54® 30* Topaz . . .62® IJV 

Dttlholite . . 45® O' Olivine . . .66® 5y Witherite . . 56® O' 

Cerussitej ^tephanite, Sirontianite, and Witherite cleave parallel to this form. 

The form 1 oo 3 ; 3 P oo Nanmann ; 3 0 1 Miller ; E^ Brooke and Levy. 

Aragonite . . 65® 11' I Mispickel . . 74® 32' f Sylvanite . . 61® 23' 

Cerussito . . 05® 15' Smithsoiiite , . 55® 23' I Tantalite . . 62® 58r 

Datholite . . 56® lO' | 

The form 1 oo 4 ; 4 P go Naumann; 4 0 1 Miller ; Brooke and Tiovy. * 

Cerussito . . 70’ 55' I Strontianite . , 70® 57' I Topaz . • .75® \5l 

Datholite . . 63® 2G' Sylvanite , . 07® 4y \ Valentinite . . 79® 58' 

Frehnitp . . 73® 30' | 



RIGHT RHOMBIC PRISM OP THIS THIRD ORDER. 
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The form 1 oo 5; 5 P oo Xaumann ; 5 0 1 ^Tiller; E’J Brooke and Levy. 

Aragonite . . 7*1’ 29' | Smithaonite^ • 67'* 30' 

The form 1 oo C ; CP oo Nauman G 0 1 Miller ; Brooke and Levy. 
Aragonite . . 70' 59' ] Herdcrito . . 68’ 34' | Strontianito . . 77’ 2' 

The form 1 oo 7 ; 7 P oo Naumann ; 7 0 1 Miller ; E-J” Brooke and Levy. 

S|||thsonitc . . 73^31' 

The form 1 oo 8 ; 8 P oo Naumann ; 8 0 1 Miller; Brooke and Levy. 

Strontinnitc . . 80’ 12' 

The form 1 oo 10 ; 10 P oo Naumann ; 10, 0, 1 !Millcr ; E* Brooke and Levy. 
Sternbergite . . 83’ 12' 

The form loo 12; 12Pco Naumann; 12, 0, 1 Miller; E** Brooke and Levy. 
Strontiunitc . . 83’ 26' 


of the derived Rhombic Prisms of the Second Order on the Sphere of Projection , — 
Let A be the angle gi^en in the list above for determining the latitude of any form for 
a particular substance. The 'two points whore the circle of north latitude, whose polar 
distance from Pj is A, ciijis the meridian or zone 
Gi P| Gg (Fig. 807); and the two points where 
the same circle of south latitude cuts the same 
zone, will give the four poles of the derived 
rhombic prism. 

Let jS be the angle given in the second column 
(pages 417, 418), 

tan A = m tan /3. 

Right Rhombic Prism of the Third 
Order. — The right rhombic prism of the third 
order is similar in form to that of the first order, 
but differs in position with regard to the axes. 

Each face passes through one of the ex- 
tremities of the axes Pj V., and IIj IIj, and is parallel 
to the third axis Gj Go. The st/mbol which expresses 
this relation is oo .1 1 ; Naumann’s is P oo ; Miller’s 
oil; Brooke and Levy’s 

To drew this prism prick off the points E^, Eo, E.j, E4 and ]\ri, iMo, M3, M4 from 
Fig. 301, and join them as in Fig. 309. 



Faces parallel to the Prism of the Third Order occur in the following minerals : tJte angle 


Andalusite . 

. 35’26f 

is that of their latitude, 

Gnslarite . . 29’ 50' 

Remolinitc . 

» 

. 48’ 31' 

Aiitinionsiibrr 

. 49’ 19' 

Gothitc . 



33’ 30' 

Smithsonito . 

. 3P40' 

Aragonite 

. 4tf=10' 

Ilvaite . 



33’ 40' 

Staurolitc 

. 55’ 22' 

Barjte . 

. fiS’lO' 

Liroconite 

• 


53Mr/ 

Stilbito . 

. 39’ 8' 

Bournonite . 

. 43’ 43' 

L'olingite 



64’ 20' 

Struvite 

. 48’ 25' 

Chrwobcryl . 
Datholitp 

i 50’ 59' 

Manganite 



32’5(r 

Sulphur . 

. 66“ 68' 

. 32’ 17' 

Mispickg! 



60^24' 

Sylvanito 

. 41“ 32' 

Epistilbitc 

. 35’ 7' 

Ollvcnite 



35’ 46' 

'Fopaz . 

. 60“ 55' 

Rpsomite 

. 29’ 58' 

Oliyine . 



51’ 33' 

1 Wavellite . 

. 36“ 37' 

Eudnophite, undetermined. 

Orpiment 



48’ 30' 

WOlchitc, undetermined. 

Faya Lite 

. 51’ 28' 

Prehnitc . 



45’ 7' 

Zlnokenite . 

. M’43f 
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RIGHT RHOMBIC PRISMS, THIRD ORDER. 


The following present Cleavages paratUl to this form. 

Bournonite. Liroeonite. RcmAlnite* Smithsonite, Topas. 


Position of the Poles of the Right Rhomhie Pi'ism of the Third Order on the Sphere of Pro- 
jectiofn . — Let \ bo the angle given in the above list for determining the latitude for any 
particular substance. The two points (Fig. 307) where the circle of north ktitude, 

whoso polar distance from is A, cuts the meridian PG 2 , and the two poinra where 
the same circle of south latitude cuts the same meridian, wUl give the four poles of the 
rhombic prism of the third order. 

Let a be the angle given in the drat column, and tliat given in the second column 
(pages 417, 418). Then A may be obtained from the formula 


tan A = 


tan 
tau a 


Right Rhombie Prisms derived from those of the Third Order , — By taking CP^ 
(Fig. 301) m times CP (Fig. 302) where m may be any fraction qjr whole number ; and 
from Fig. 301 so altered, describing aright rhombic prism of the third order, a series of 
prisms similar in form and position, but differing in magnitude from Fig. 309, may be 
formed. 

Each face of these derived prisms cuts two of the axes P^ P 2 , II^ Ho, 
and is parallel to the third Gj^ G 2 , and the symbol which expresses this rektion to the 

m 

axes is 00 1 in ; Naumann’s is in P oo ; Hiller's 0 ^ 1 % and Brooke and Levy's 


Faces paroUel to these derived Ritomhie Pi'isins of tfw Third Order ^ with the following angles 
for determining the latitude of their poles^ have been observed in nature. 

The form 00 1 | } P oo Haumann ; 0 1 6 Miller ; Att Brooke and Levy. 

Baryte . . . 15^ T | Biobite • • . 1(P 0' 

The form 00 1 ^ P oo Naumann ; 0 1 5 Miller ; A^ Brooke and Levy. 

Baryte . . .17° 62' 

The form 00 1 J ^ 1* oo Naumann ; 0 1 4 Miller ; A^ Brooke and Levy. 


Angleeite 

, 

. 22° 20' 

Bournonite • 

. 13° 27' 

Celestine 

. 22° 22' 

Baryte . 

• 

. 21° 56' 

Brookite 

. 15>40' 

Leadhiiiite . 

. 28° 50' 

The form oo 

lii 

^ P 00 Kaumann ; 0 1 

3 Miller; A^ Brooke and 

Levy. 

Baryte • 
GeleBtine 


. 28° 14' 

Cenuaite 

. 21 ° 33' 

Sulphur . 

. 37° 58' 

• 

. 28M3' 

Niobite . 

. 19* 26' 

Topaz • 

• 80° 55' 

The form oo 

U; 

} P 00 Kaumann *, 0 1 

2 Miller; A^ Brooke and 

Levy. 

Angleeite 


. 39° -27' 

CeruBsite 

. 80° 39' 

Prehnite 

. 26° 40' 

Baryte . 


. 38° 51' 

Epsomite 

Olaserite 

. 48° 47' 

Strontianite . 

. 80° 43' 

Bournonite 


. 25° 33' 

. 29° 18' 

• 33° 5' 

Sylvanite 

. 28° 53r 

Brookite 


Haidingerito . 

. 16° 33' 

Wolfram 

. 28° 1' 

Cdestine 


. 39>24' 

Leadhiiiite . 

. 47° 45' 




Baryte has an imperfect cleavage parallel to this form. 


The form 00 1 ) ; f P qo Naumann ; 0 2 3 MiUer ; A^ Brooke and Levy. 

Bournonite . . 82^ 81' | Chrysobeiyl . . 39° 27' | Niobite • . . 86° 12' 

The form eo 1 J } P 00 Naumann ; 0 3 4 Miller ; A^ Brooke and Levy. 

Celestine . . 5(P 57' | LeadbilUte . . 74° 24' 



BHOMfilG PTBAMID. 
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The fom oo 1 f; | F od Naumann; 0 3 2 Miller; Brooke and Levy. 
DatboUte . • 43> 27') SylTanite • . 53^ 2r 

The form oo 1 2 ; 2 F oo Naumann ; 0 2 1 Miller ; Brooke and Levy. 
Bournonite . . 62° 24' I Dntholite . • 51° 38' I Polykrase . . 62' O' 

Brochantite • • 82° 54' Huidingerite . . 49^ 56' Scorodite . . 65° SC/ 

Ciiledoiiite . . 71° 55' | Manganite . • 52° 14' | Smithsoiiitc . • 50° 58' 

Th^iform oo 13; 3 F oo Naumann ; 0 3 1 Miller ; A^ Brooke and Levy, 
llvaite . . .63° 25' | Smithaonlte • . 61° 87' 


The form oo 1 4 ; 4 F oo Naumann ; 0 4 1 Miller ; A^ Brooke and Levy. 

Ilaidingerite . • 67° 11* 

Tho form oo 1 6 ; 6 F oo Naumann ; 0 6 1 Miller ; A^ Brooke and Levy. 

Sternbergite . . 76° 31' 

Position of the Poles of the derived Rhotnbic Prisms of the Third Order on the Sphe/re 
of Projection , — Let and (Fig. 307) be the points where the circle of latitude, whose 
polar distance from is the angle X given for each particular substance in the pre- 
ceding article, cuts the meridian Hi FII2 ; these points, together with two similar ones 
where the same circle of south latitude cuts Hi FHo, will be the four poles of tho 
rhombic prism. 

If a be the angle in the first, and j8 that in the second column (pages 417, 418), 


tan X = m 


tun 3 
tan a 


Rhombic Pyaramid. — ^The double four-faced pjramid or octahedron on a rhombic 
base is a solid bounded by eight triangular faces ; each face, such as Hi Gi (Fig. 310) 
being a scalene triangle. It has six four-faced solid angles, 
equal to one another in pairs, that at Fj being equal to that 
at F2, at III to IL, and at Gi to G.^. The edge Fi IIi equals 
III ^2 ^*2 ; the edge Pj Gj equals Pj G.^, Pg Gj, 

and Po Gg ; and the edge Hi Gi equals Gi Ilg, Hg G.., and 

Gg h; 

To draw the Rhombic Pyramid , — Prick off from Fig. 301 
the points Pj, Pg, Hi, Ho, Gi and Gg, and join these as in 
•Fig. 310. 

Axes , — ^The prismatic axes join the opposite ^four-faced 
solid angles of the rhombic pyramid. 

Symbols , — ^Every face of the pyramid cuts the three axes 
Fi ^29 ^29 ^3 s^t the extremities of the parameters ; 

the symbol which expresses this relation is 1 1 1 ; Naumann’s 
is P ; Milleris 111; and Brooke and Levy’s B. 

Position of the Poles of the Rhomhie Pyramid on the Sphere 
of Projeetion^Foue of tho poles of this pyramid lie in the same parallel of north 
latitude, and four in the same parallel of south latitude. ' 

Let X be the polar distance of the pole (Fig. 307) of thtf face Pi Hg Gi (Fig. 310) 
from Pj ; pits longitude from Gg or tho are GD|. 

Then the eight poles of the rhombic pyramid will be'where the north and south 
circles of latitude, whose polar distances are equal to X, cut the meridians of longitude /i, 



Fig. 810. 


180 /A, 180 -|- /i, and 360 — p, 

^ If a and 3 be the angles given in the first andsecond eolumns (pages 417 and 418), 
Then jn = 90 — a, and tan X = tan 3 coscc a. 
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NET FOB THE EHOMBIC PTBAMID. 


To deseribe a Net for the Rhomhie Pyramid. 

Draw two lines, CG and CP (Fig. 311); at right angles to each other; take CP 



riff. 311. Fiff. 312. 


cq[ual CP (Fig. 302), and CG and ClI equal to CG 
and CH (Fig. 302). Join PH and PG. 

Then (Fig. 312) take GU equal to GII (Fig. 302), 
and on GH, as a base, describe the triangle PGH, 
having its sides PG and PJI equal to PG and PH 



Fiff. 313. 


(Pig. 311). Flight of these triangles, arranged as in Fig. 313, will give the required 


net. 


Faces parallel to the Rhombic Prism trhose symbol will, u'ith the following Angles for 
determining the position of their Polcsy have been ohsci'ved in nature^ 

Aeschynitc . . \=:48’2S' ^ = (»:>’ 40' i Mar csi site . . Asses'* 5' u = 53* 3' 

Alstoiiito . . A =s Sd"* 27' ft = 50’ 2(»' Mascaffninc . A = 5C’ 5' u = CO* 34' 

Anfflcsitc . . A=s64’27' /a = 51 41/ ! Menffit© . . A =s 43M0' u=s 39^40' 

Antimonsilber . A s= 53’ 2</ /a = 00’ 0' t Mesotype . . A = 26’ 40' ^ =: 45'* 30' 

Antimonitc . . A s= 55’ 20' /a = 45' 23' Mispickel . . A =s C4’ 53' fi = 55’ 36' 

Aruffonitc . . As=53'44' /ui, s= 5' I Niobitu . . As=53'5y uss50’20' 

Karyte . . A = 64’ IS' /a - 50’ 50' Nitre . . . A st 54® 1' /a = 59’ 25' 

Jiournonito . . A = 52’ 4(/' fi = 46’ 50' • Olivine • . A = 59’ 51' ja = 47’ 1' 

llrookito . . A =s 55® 4S' ft ~ 49’ 55' Orpiment . . A = 52’ 31/ ft = 58® 55' 

Calcclonitc . . A = 64® 17' ft=-=47’3o' Phillip^ito . . A == 45’ 0' fi = 45'’3G' 

Cclcstine . . A = 64’ 2::' /t = 52’ 1' Polykrase , . A = 45’ 1' f* = 70’ O' 

CcruHsitc . . A = 54’ 14' ft = 58’ 37' Polymignite . A = 40’ 8' u = 54* 53' 

Childrcnitc . . A = 48’ 50' ft — 55’ 57' Uedruthite. . A = 62' 36' ft = 59’ 4S' 

(lirysobcryl . A = 53'* M' ft — 64’ 40' Kemolinite . .A — 53’ 42' ft = 56* 10' 

Cordierito . . A = 47’ 48' ft — 59’ 35' llosditc . . A = 57’ 12' ft = 66’ 24' 

Cotuiinitc . . A = 37* 54' ft = 40’ 53' ' Schulzito . . Unknown. 

Datholitc . . A = 38* 61' ft = 51’ 3s' | Scoroditc . . A = 55’ 20' ft = 29’ 55’' 

Diasporc . . A = 40’ 57' ft — 46’ 56' j Slephanito . . A = 52’ 10' ft = .57® SCK 

Kpsomitc . . A 30’ 3' ft — 4 1 ’ 17' Slcrnberffite . A = 59’ 0' ft = 59’ 45' 

Fayaiite . . A = 50* 30' ft = 47’ 20' Stilbite . . A = 48’ O' ft = 47’ 8' 

Fluellito . . A = 72* O' ft — 48’ 54' Strontianite . A = 54® 17' ft = 58’ 40' 

Gadolonitc . . A = 67"' 27' ft = 5!P 45' Struvite . . A = 52’ 6' ft = 61® 26' 

OlaHcrite . . A = 50’ 20' ft ~ (50* 12' Sulphur • . A = 71® 39' ft = 50® 59' 

Goslarite . . A = ;iO’ 2' ft = 4.5’ 21' Sylvanitc . , A = 47’ 6' ft =55® 24' 

Gothitc . . A = 41* 53' ft = 47’ 26' Tantalite . . A = 45’ 51' ft = 50’ 46' 

llarmotomc . A = IT 5ii' ft = 45’ 53' Thciiordite , . A = 61’ 51' u = 64’ 41' 

Hcrdcrite . . A = 38® 41' ft = 57® 57' Thermonatiitc . A = 72* 56' ft = 69’ 59' 

Ilvaite . . A = 33’ 55' ft = 55® 36' 'Fopass . . . A = 63® 48' /t = 6‘2’l(»' 

KarstenitCi. . A = 55’ 50' ft = 48’ 18' Wavcllitc . . A = 39’ 47' it = 63® 13' 

Leadhillite . . A = 68’ 30' ft = 00’ 10' Witherito . . A = 55® 24' ft = 59’ 15' 

Llbethenite. . A =*45® 23' ft = 46’ 10' Wolfram . . A = 53’ 55' #t = 50’5S' 

Manganitc . • A = 40® 1 1' ft = 40’ 50' 


Inclination of tie Faces of tie Rhomhic Pyramid. — If Q be the angle of inclination of 
two faces’ever any of the edges HG (Fig. 310), ^ over the edges PH, and ^ oyer the 
edges PG, 

^ ^ j ^ . yr tan fi cos A 

0 = 2 A cos J = tan iS cos A sm ^ = 



DEKLYSD RHOMBIC PYRAMIDS. 


431 


Derived HhomBie Pyzamlds— -From the rhombic pyramid just described, a 
series of rhombic pyramids may be dcrivod, similar in position, but differing in 
magnitude from the fundameiital pyramid ftomyrhich they arc derived. These 
pyramids may conveniently be divided into three classes* 

Derived Ithoaiblc Pyxaaiid of the Pint Class.— This pyramid is derived 
from the fundamental pyramid, by making the vertical axes CPi and CP 3 (Fig. 301) 
equal to tn times the parameter CP (Fig. 302), where m may be an^ whole number, or 
fraction greater or less than unity. 

Symbols.^The symbol for this pyramid is 1 1 m ; Naumann's m P ; Miller’s hhl\ 
and Brooke and Levy’s 

Inclination of Faces, Position of Poles, §r. — 1£ the symbols a, ft A, fi, $, tp, and 

represent the same angles as in the case of the fundamental pyramid, 

u = (90° — a) tan A == m tan ^ cosoc a 

I ^ X /. . • ^ tan iS cos A 

> 2a cos ^ == m tan iS cos A sm ~ = m — 

2 tan a 

The poles of this pyramid always lie in the two zones Dj P^ and D.^Pj D 4 
(Fig. 307}) being between the points P and G when m is less than unity, and between 
C and D when m is greater than unity. 

Faces parallel to the following Pyramids of the First Class have been ohset'ved in nature. 

The form 11 i P Naumann ; 1 I 8 Miller ; B“ Brooke and licvy. 

Baryte . A = 14’ 34' fi = 5fPr)0' 

The form 11 J P Naumann ; 1 1 6 Miller ; B® Brooke and Levy. 

Anglositc . X = 19 ’ 22' /x = 51’ 4J)' 

The form 11 ,, ^ P Naumann ; 1 1 5 Miller; B^ Brooke and Levy. 

Baryte . . X = 22’3r /4 = 50’5U' j bulpUur . . A = 31’ 5' = 

The form 1 1 i i P Naumann; 114 Miller; B^ Brooke and Levy. 
l?;iryte . . A = 27’ 27' | Svlvanitc . . A = 13* 4' ^ = 3.V21' 

Cclcstiiie . . A = 27’ 31' /x = 53 1' Topaz . . A = 2G’ 50' /t = 02 ’ 10 ' 

Stromcycritc * A = 25* 41' fi = 59’48' | 

The form 1 1 J ; J P Naumann ; 1 1 3 IVliller ; B=' Brooke and Levy. 

Antimonito . A = 25’ 53' /x = 45*23' Salpliur . . A = 45'’ 8' fjt = .50'’59' 

Barj'to . . A = 34’ 43' ft = 5(7* 50' KyWanitc . . A =19’ 44' /* = 55’24' 

Celostinc . . A = 34’ 47' /x = 52’ 1' Thcniirdite . A = 31’ 5ft' tt = G4’41' 

Cerussite . . A = 24’ 50' fi = 3S’37' 'ropiz . , A = 34’ 7' u = ftaMir 

Karstenitc . A = 26’ 10' fi = 4S° 18' Woifruiii . . A = 24’3.V u = 50’5J' 

llcdruthito • A = 32’ 44' = 59’ 48' 

The form 1 1 i ; J P Naumann ; 1 1 2 MUlcr ; B- Brooke and Levy. 

Anplesito . . A = 43’ 16' fi = 5P49' Redruthite . A = 43’ 57' V = 59’ 48' 

Aniimonsilber . A = 33’ 53' fx = 60’ O' Scorodite . . A = 36’ 1' /t = 29’55' 

Baryta . . A=ir’ 0' f* = 50’50' Stephanite . A = 32* 46' <x = 57’50' 

Bouriionite . A = 33 '14' ft = 46’ 50' Stronlianile . A = 34’ 49' f* = 58''40' 

Brookite . . A = 36’ 15' jx = 49’55' Stromeyerilc . A = 43’ 57' /a = 59’ 48' 

Cerussite . . A = 34’ 46' /a = 58* 37' Sulphur . . A = 50’ 26' /a*=50’59' 

Cordierite. . A = 28' 53' ti = b\PZy Sylvanile . . A = 28’ 17' /a = 55’ 24' 

Olaflcrite . . A =36’ 54' ja = 60’12' Topaz . . A = 45’ 28' /a = 62° 10' 

Karstenite . A = 36’.23' #i = 48°18' Withcritc . . A = 35* 56' ja-SO’W' 

LeadhilUtc . A = 51’ 46' ,4 = 60’ W • ' , . 

Tbo form 1 1 f ; HP Naumann ; 2 2 3 Miller ; B~^ Brooke and Levy. 

Q^iledonite . A = 54’ 10' /i = 47’S0' | Childrcnite . A = 37’ 5-'/ ^4 = 55'’5?' 

The form 1 1 ^ 7 P Naumann ; 4 4 d Miller ; B^ Brooke and Levy. 

Strontianite . A = 43’ 3' f* = 58’ 40' 
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DERIVED RHOMBIC PYRAMIDS. 


The form 1 1 ^ P Naumann; 4 4 3 Miller; Brooke and Levy. 

Prehnite . . Xs=68°15' fi = 4g>58' 

The form 1 1 | ; i'B Kaumann ; 8 3 2 Miller ; B^ Brooke and Levy. 

Strontioaite . ^s64‘’24' /t = 58°40* | SylTanite . . A =58° 13' fi=55°24' 

The form 112 ; 2 P Naumann ; 2 2 1 Miller ; B^ Brooke and Levy. 

Alstonlto A = 71° O' fi = 5iP26* Stephanlte A = 08° 46' ft = 57° 50* 

Brooldte , , A =71° 11' /i = 43°55' Sternbergite A = 73° 17' M = 5e°45' 

DaihoUte . . A = 58°ia' fi = 51°38' Strontianite A = 70°14' fi = 58°40' 

Manganito « A = 30° 37' ft = 49^ 50' 

The form 113 3 P Naumann ; 3 3 1 Miller ; B^ Brooke and Levy. 

Herderito. . A = 67°2y /t = 57°57' ) Strontianite • A = 76° 31' /a = 58° 40' 

The form 114; 4 P Naumann ; 4 4 1 Miller ; B^ Brooke and Levy.' 

Datholite. A = 72° 45' /i = 5r38' Prehnite A = 79° 13' /a = 49° 58' 

Herderitc. A = 72° 39' /i = 57°5? Strontianite A = 79° 49' /a = 58° 40' 

The form 118; 8 P Naumann; 881 Miller; B^ Brooke and Levy. 

Strontianite . A = 84° Oe* m = 58° 40' 

Besived Rhombic Pyramid of the Second Class.— .This pyramid isjderived 
from the fundamental pyramid by making the vertical tonds CP^ and CP 2 (Fig. 301) 
equal to m times the parameter CP (Fig. 302} ; where m may be any whole number or 
fraction, equal to, greater, or less than unity ; and the lesser horizontal axes CH^ 
and Gllj (Fig. 301) equal to n times the parameter CH (Fig. 302), where n may bo 
any whole number or fraction greater than unity. 

Symbols . — The symbol for these pyramids is 1 n m ; Naumann’s m P s ; Miller's hhl\ 

f t t- 1 m(n + 1) 

Brooke and Levy’s B^ B”-* G . 

Inclination of Facesj Position of Poles, If the symbols a, fi, A, fi, $, 9 , and i// 
represent tho same angles as in the case of the fundamental pyramid, 


cot jtt z= » tan a 


cos ' z= m tan 0 cos A 


tan A = m tan iS see /i 0 = 2 a 
^ tn ton 0 cos A 
’ n ton a * 


Four of the poles £|, Ej, £3, and £4 (Fig. 307) lie in the same circle of north 
latitude, and the other four in tho same circle of south latitude, each within one of tho 
sphericed triangles GPD. 


Faces pardXld to the following Pyramids of the Second Class have been observed in mture. 

Tho form 1 f 2 ; 2 P f Naumann ; 8 7 4 Miller ; B^ B'* G V Brooke and Levy. 
Brooklte . . A = 69°51' #i = 46° 7' 

The form 1^2; 2 P ^ Naumann ; 4 3 2 Miller; B^ B' G^ Brooke and Levy. 
Brooldte*. . A = 68° 26' #1 = 41° 42' 

Thefbnalfl; f P # Naumaim; 3 2 2Mi]ler; B* Brooke and Levy, 
vaytlit. . . K = e4!‘W ft = 3»’S2’ StauioUto. . A = 60’87' iJi. = M‘»7' 

OlMne • • X = 6yiS' I 

Thefbrm 1 f 3; 3 Pf Naumann; 3 21 Miller; B> B* 6^ Brooke and Lery. 
XteOudit.. . A = 63“ O' = er 

The form 12}; } P 2 Neumann ; 2 1 4 Miller ; B* B* G^ Brooke and Levj’. 

Baryta . . A = Sr>3e' ,t = 31«39’ I^edhilUto . As68«31' (ts41« y 
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The form 1 2 J ; 2 Naumann ; 2 1 3 Miller; B* Brooko and Levy. 

AnUmonite • As=37®2r ,t = 2e’5y I Topws As=41« V fi = 43P26* 

Sylvanite ==26«42' 35^56' | 

The form 1 2 1 ; P 2 Naumann ; 2 1 2 Miller; B‘ B» G^ Brooke and LoTy. 


Angledte • 
Aragonite . 
Baryte 
Brookite . 


us32<’27' I Celcstiue . A = 56P43' ii = 32»38' 

A = 42»45' /i = 38<»45' Chryaoberyl A = 46“ 38' j«. = 50P47' 

A = 57“ (/ /t = 81'»88' Dathollte . A = 80®86' ^ = 32M7' 

A = 47“41* fi = 3&“17' . LeadhilUte . AsSO^ltf #1 = 41“ y 


The form 1 2 { ; 4 P 2 Naumann ; 6 3 5 Miller ; B^ B^ G*^ Brooke and Lcty. 

Manganito • A = 37“ 14' /* = 3(P 38' 


The form 1 2 1 ; | P 2 Naumann ; 4 2 3 Miller ; B^ B^ G^ Brooke and Levy. 

Dathollte. . A = 38“ 15' fi = 32“17' 


The form 12 2; 2 P 2 Naumann ; 2 1 1 Miller ; B> B^ G^ Brooke and Levy. 


Angleeite . 
Antimonite 
Aragonite . 
Brookite . 
Ceruflsite . 
Chryeoberyl 
Dathollte . 
Epietilbite 
Epaomite . 
Goslarite . 


A =71“ 55' ft = 32“ 27' 
A = 6e“24' #* = 2e“52' 
A = 61“3Sr /4 = 38“45' 
A = 65“32' 

A = 61“52' /i = 50“4y 
A = 59“ 26' /t = 56“47' 
A = 41P47' ft = 32“17' 
A = 42“2l' fi = 50“29' 
A = 51“59' fi = 2e“49' 
A = 52M1' ,A = 2a“43' 


Manganite 
Orpiment . 
Smithsonite 
Stembergite 
Sylvanite • 
Topaa 
Valentinite 
Wuvellitc . 
Wolfram • 


A = 5l“42' ja=30“88' 
A = 59P21' ,t = 39“40' 
A = 48“44' u = 32*34' 
A = 65“38' #i = 40“37' 
A = 56“28' #i = 35“5!/ 
A = 69“ 5' tt = 43“26' 
A = 77* 38' #1 = 51*46' 
A = 4e“83' #1 = 44*44' 
A = 63“48' #1 = 31*35' 


The form 124; 4^? 2 Naumann ; 4 2 1 Miller ; B' B^ G* or E 3 Brooko and Levy. 
Datholite . . A = 67“ 5' #i = 32“17' 

The form 1 f 5 ; 4 P 4 Naumann ; 5 2 2 Miller ; B^ B? G^ Brooke and Levy. 

Gothite . . A = 58* 52' #i = 23“32' 

The form 1 V 45 4 ^ V Naumann; 14, 5, 18 MiUor; B^ bV Gi4 Brooke and 
Levy. 

Brookite . . A = 38“35' #i = 22“59' 

TheformlSi; | P 3 Numnaim ; SlSMillor; B> B» qI Brooke and Levy. 

Sylymlte . . A=14'’J7' y. = «!>«• 

The form I 3 |P 3 Naumann; 3 16 MiUer; B‘ B» G* Brooko and Levy. 

Celestiiie . . A=J8»50' m = S»’ »' I • • * = »»’«' M = 

Sulphur . . A = 5(f54' #i = 22®22' 1 

The form 13 4; | P 3 Naumann; 314 Miller ; B> B* G^ Brooko and Levy. 
Boumonite ,,A = 35“31' #i = 19*34' | Sylvanite . . A = 2ff*59' #i = 25*47' 

Tho form 1 3 1 ; P 3 Naumann; 3 13 Miller; B' B* G? Brooke and Levy. 

Antlmoneilber • A = 37“ 47' #i = 30“ O' I Sulphur . . A = 64® O' #i = 22“22' 

CeteBtinc A = 54* 22' #1 = 23“ 7' | 

The form 1 3 j ; 3 Naumann; 3 12 Miller; B^ B® G^ Brooko an^Levy. 

Barvte - A = 64“49' #i = 22“iy I Sylvanite . . A = 45“31' #i = 25“47' 

OelMtine A = 6iP50' #1 = 23“ 7' | 

The form 13 3 ; 3*5 3 Naumann ; 3 1 1 Miller ; B' B» G® or Eg Brooke and Levy, 
Oordierite. . A = 62“34' 7 i = 29“35' I Polykrase. . A = 51“18' #1 = 42*29' 
nSwST . . A = 48“2Qf #1 = 21*54' | 

Thotform 1 6 ; 5 ? Y Naumann; 10 , 3, 2 Miller; B> B^ G^ Brooke and 

Levy. 

Brookite A = 72*43' ,i = 19“37' 


2 p 


INORGANIC NATURE.— No. XV. 



fiHOMfilC PYRAMIDS, THIRD CLASS. 


.434 

The form 1 | } Naumaon ; 7 2 2 Miller; Brooke and Levy. 

Brookito . . A = 74® V #t = 18M5' 

The form 14 1; P 4 Naumann ; 4 1 4 Miller ; B^ Brooke and Levy. 
Celestine . . X=51P25' |i = 17®48' | LeaiUiillitc . A = 54* S' /ftc=23“33' 

liarmotome . A = 33” 39' fi = 14”27' | 

The form 1 4 f ; ^ P 4 Naumann ; 4 1 3 Miller ; B^ B^ G^ Brooke and Lcyy. 
Celestine . . A = 69^ 23' ft =17” 48' | Topaa . . A = 54” 27' j«i = 23”20' 

The form 14 2; 2 P 4 Naumann; 4 12 Miller; B^ bS G^ Brooke and Leiy. 

Anglesite . . A = 73” 7' ft = 17” 38' 

The form 14 4; 4 P 4 Naumann ; 4 1 1 Miller ; B^ B^ G^ Brooke and Levy. 

Datholito . . A = 04” 33' ft = 17” 32' | Smithsonito . A = 63” 45' /i=17”43' 

The form 1 -J- f ; § P ^ Naumann ; 9 2 2 Miller ; B‘ B V Brookb and Levy. 

Diaspore . . A = 69” 58' ft=13”22' 

The form 16 5; 6 F 6 Naumann ; 6 1 1 Miller ; B^ B^ G'"’ Brooke and Levy. 

Brookite . . A =78” 22' ft = 13” 22' | Datholito. . A = 68” 48' ft = 14” 10' 

The form 16 2; 2 P C Naumann ; 6 1 3 Miller ; B^ B% Brooke and Levy. 

Niobite* . . A = 60”49' ft = ir22' ^ 

Derived Rhombic Pyramid of the Third Class.— This pyramid is derived 
from the fundamental pyramid, by making the vortical axes CP^ and CPg (Fig. 301) 
equal to m times the parameter CP (Fig. 302), where m may be any whole number or 
fraction, equal to, greater, or less tbau unity ; and the greater horizontal axes 
CGj, CGg (Fig. 301) equal to n times the parameter CH (Fig. 302) where n may bo 
any whole number or fraction greater than unity. 

Sf/mbok , — The symbol for these pyramids is w 1 m ; Naumann’s, w P » ; MillcPs, 

n 4 1 wC»4l) 

// /j / ; Brooke and Levy’s, B^ B«“i II 2 » , 

Inclination of Faces, position of Foies, — If the symbols a, /5, A, /a, B, and yp 

represent the same angles as in the case of the fundamental pyramid, 

tan us=zn cot a tan As— tan P sec u 
n 

6=: 2a cos J = — tan/icosA — ^ 

2 n 2 tana 

Four of the polos f^, fn, f^, and f^ (Fig. 307), lie in the same circle of north 
latitude, and the other four in Gio some circle of south latitude, whose polar distances 
arc both equal to A, each withiu one of the spherical triangles DFH. 

Faces parallel to the following Pyramids of the Third Class have hem observed m nature. 

The form 1 1 4; 4 P ^'Naumann ; 3 4 1 Miller ; B^ B' Brooke and Levy. 
Smitlisonite . A = 70” 42' fi = 59”35' 

The form j 1 ^ ; 3 Pf Naumann ; 2 3 6 Miller; B^ B^Hi^ Brooke and Levy. 
Brodkite . . A=82M6' ft = 60”42' 

The form ) 1 ; j P ^ Naumann ; 2 3 4 Miller; B^ B* Brooke and Levy. 

Anglesite • . A = 54” 18' = 62° 20* ‘ ^ 

The form } 1 f } P | Naumann ; 2 3 2 Miller ; B^ B* Brooke and Levy. 
Braoklte . . A = C2”37' fi = 60”42' | Tantalite . . A = 63°43' fia6l°2er 
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The form 4 1 4 ; 4 P 4 Naumazin ; 4 6 2 Miller ; B^ 11% Brooke and Levy. 

Haidingerite . A s= 6(P 4S* |i &= 5fl^ 7' 

The form 211; P 2 Naumann ; 1 2 2 Miller ; B^ B'** H% Brooke and Levy. 

Boumonite . A = 46"34' fA = C4‘>52' GuthLtc . . A=:36^ r fi = G5'20' 

Datholite . . A = 34‘»ll' /ui. = 68«24^ Manganito . A = 35- V /x = 67° 7' 

Diasporo . . A = 34° 59' iULsr64°57' MontiocUite . A = 55^ 0' fL=:Ge'27' 

Fayalite . . A = 54° 4' ^ = 65° 12' OUviue . . A = 54° 15' fi = 65° i' 

The form 212; 2 F 2 Naumann ; 1 2 1 Miller ; B* 1T% Brooke and Levy. 

Doarnonite. . A = 64° 40' /a = 64° 52' Epsomito . . A=52° O' ft = 63° 40' 

Cerussite . . A =74° 18' /a = 73° 2' Ilvaite . . A = 54* 38' /t = 71° C' 

ChryBobcryl . A = 68° 28' /a = 76° 46' Smithsonitc . A = 52’ 57' ^ = 68*38' 

DathoUte . . A = 53°39' /a = 68’ 24' Taiitalito . . A = 59’ 52' /i = 67°47' 

Thofonn214; 4P2Nauma3m; 24lMiUer; B^ B®H^, or Brooke and Levy* 
Haidingcrite • A = 68° 47' fi = 67° 14' 

The form 311; P 3 Naumann ; 1 3 3 Miller ; B' Brooke and Levy. 
Mangonitc . A = 38’ 51' /a = 74’ 17' 

The form 3 1 J P 3 Naumann ; 1 3 2 Miller ; B^ B® Brooke and Levy. 

Baryte . . A = 68° 14' /i = 74° 48' I Mispickel . . A = 69° 42' » = 77° 18' 

DathoUte . . A = 44° 25' fi = 75’13' 1 Sylvauite . . A = 91°5G' ^ = 77’ 3' 

The form 313; 3 P 3 Naumann ; 1 3 1 Miller ; B- II-, or Ag, Brooke and Levy. 

Gcithite . . A = 64° 10' ,a = 72’59' 

The form f 1 3 ; 3 P f Naumann ; 2 3 1 Miller ; B' IP 11% Brooke and Levy. 
Smithaonile . A = 64° 24' ,a = 02’27' 

The form 411; P 4 Naumann ; 1 4 4 Miller ; B^ B®' ]I‘» Brooke and Levy. 

Olivine , . A = 52° 22' ,* = 76’ 54' 


Rhombic Sphenoid. — ^Thc RhomUe Sphenoid^ or, Irregular Tetrahedron^ is a 
hemihedral form, derived from the doidfle four~faccd rhombic pyramid^ by the dcveloii- 
ment of half its faces. It is bounded by four equal and similar triangular faces, each 



face, such as B^ Bg 
(Fig. 314), or B 4 Bj 
B 5 (Fig. 316), being 
a scalene triangle. 
This solid has four 
thrcc-facod solid an- 
gles, Bj, Bg, Bg, Bg 
(Fig,314),andB3,B4, 
Bg, B7 (Fig. 316), each 
equal to one another; 
the six edges are 
equal to one another 
in pairs. 

A sphenoid may 
he derived from every 
one of the pyramids 
previously dcsoribeA 



To draw the Rhofnbic Sphenoid.^Tif^. 301 being drawn with axes FiPgi HxHn and 


G 1 G 2 ) of the requisite lengths for the pyramid ; the points B^, Bg, Bg, and Bg being 
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COMBINATIONS OF THE PRISMATIC SYSTEM. 


pricked oiF and joined, as in Fig. 314, will give the podtivt iplmoidj and the points 

Bj, B4, Bfi, and B„ joined, as in Fig. 315, will give 
the negative ephmoid. 

To Deecribe a Net for the Rhombie Sphenoid . — 
Let PGn (Fig. 312) be the face of the pyramid 
from which the sphenoid is derived ; a triangle, 
each of whose sides is twice the corresponding side 
in PGH, wUl be a face of the derived sphenoid ; 
and four such faces, arranged os in Fig. 316, will 
form the required net. 

Principal Combinations of the Prismatic System.— Fig. 317. Combination 
of a double four~faeed rhombie pyramid with the faces of the right rectangular prism. 

faces otiho pyramid^ 5, faces of the basal pinaeoids oo 00 1 ; OP Naumann; 0 01 Miller; 
P Brooke and Levy; replacing the solid angles P^ and P.^ (Fig. 310) of the pyramid by 



Yig. 31G. 


planes. 

r, faces of the brachy-pinacoids 1 oo oo ; oo P 00 Naumann ; 1 0 0 Miller ; G Brooke 
and Levy ; replacing the solid angles G^ and G2 (Fig. 310) of the pyramid. 




d, faces of the macro-pinacoids co 1 oo ; 00 F 00 Naumann ; 0 1 0 Miller ; H Brooke 
and Levy ; replacing the solid angles Hj and H3 (Fig. 310} of the pyramid. 

Fig. 318. Combination of the double four-faced rhombic pyramid with the faces of 
the right rhombic prison of the first order. 

If a, a, &c., represent the faces of the rhombic pyramid whoso symbol is 1 1 1 ; 
P Naumann ; 1 1 1 Miller ; B Brooke and Levy; or of the pyramid llm, mP Naumann ; 

h h h MiUer ; B'" Brooke andLevy ; 5, 5, &c., will represent the facesof the prism 1 1 oo ; 
00 P Naumann ; 1 1 0 Miller ; M Brooke and Levy ; replacing the edges HG (Fig. 
310) of the pyramid. 

If a, a, &0., represent the faces of the pyramid nlm; mV n Naumann ; 5, 5, &c., 
will represent the faces of the prism s 1 00 ; co Vn Naumann. 

If a, a, &c., represent the faces of the pyramid 1 » m; mVn Naumann ; 5, 5, d:c., 

willreprcsent the faces of the prism 1ft 00; 00 P n Naumann. 

Fig. 319. Combination of the pyramid with a righb rhombiG prim of the second 
order. 

If 0, 0, &c., represent faces of the pyramid 1 \mf mV Naumann ; 5, 5, &c., will 

represent the faces of the prism 1 00 fit; m P oo Naimann ; r^laoing tde edges PG 
(Fig. 310) of the pyramid. 
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la a similar manner the faces of the prism oo m 1 ; m P oo Naumann ; will replace 
the edges PH (Fig. 310) of the pyramid. 

Fig. 320. Comhmatwn of the pyramid with prism of ths first and second orders. 




Fig. 319. 


Fig. 820. 


3, faces of the rhombic prism of the second order 1 oo m; m P oo Naumann; 
replacing the solid angles Pi P* (Fig. 310) of the pyramid a, a, &c., whose symbol is 
11m'; m* P Naumann — where m' is less than m. 

faces of the rhombic prism of the first order 1 n oo ; oo P m Naumann ; replacing 
the solid angles Gj, (iftg. 310), of the pyramid a, a, &c., whose symbol is 1 w' m j 
P m', where n* is less than n. 

dy faces of the rhombic prism of the first order it^ 1 oo ; oo P n Naumann; replacing 
the solid angles H 2 (Fig. 310) of the pyramid a, a, &o., whoso symbol is 1 1 »; 
m P fC Naumann, where n' is greater than n. 

Fig. 321. (kndmation of the pyramid with the prism of the second and third 
orders. . 

by faces of the prism of the third order 00 1 m ; m P 00 Naumann ; replacing the 
solid angles P^, P.^ (Fig. 310) of the pyramid a, a, &c., whose symbol is 1 n m', or 

m' P n Naumann: or n 1 m' ; m' P it Naumann, where m' is greater than m. 



Fig. 821. Fig. 823. 


Cy faces of the prism of the second order 1 00 m ; m P oo Naumann ; r^lacing the 
solid angles Gi G 2 (Fig. 810) of the preceding pyramids, where m' is less than m. 

dy faces of the prism of t6e third order 00 1 m; m P 00 Naumann; replacing the 
solid angles H| (Fig. 310) of the same pyramids, where m' is less than m. 

Fig. 322. Combinations of rhombic pyramids. 

Oy faces of the pyramid 1 n m; m P n Naumann. 
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bf faces of the pyramid 1 « w' ; P n Naumann ; replacing the .solid angles 
Pi and Po of the pyramid &c., with a four-faced solid angle, where m' is less 

than m. 

Cf faces of the pyramid 1 « to" P n Naumann; hcycling the edges HG 
(Fig. 310) of the pyramid a , «, &c, where to" is greater than to. 

The same figure shows the combinations of the pyramid n I m; ml* n Naumann ; 
with the pyramids n 1 to' ; P n Naumann, and n 1 fti ’ ; to" P n Naumann under 
similar conditions. 

Figs. 323 and 324. Combinalions of the prim of tJie first order with other forms. 



Yig, 323. 



Fig. 323. flt, faces of the prisms 1 1 qd ; od P Naumann. 

by faces of the basal pinacoid oo co 1 ; 0 P Naumann. 

Cy faces of the prism 1 oo 1 ; P oo Naumann. 
dy faces of the prism 1 oo ; oo P « Naumann. 

Fig. 324. 0 , faces of the prism w I oo ; oo P « Naumann* 

by faces of the basal pinacoid, oo oo 1 ; 0 P Naumann. 

Cy faces of the brachy pinacoid, 1 go oo ; oo P oo Naumann. 
dy faces of the pyramid 1 1 1 ; P Naumann. 


FIFfll SYSTEM — THE OBLIQUE. 

• 

This system is called tlic oblique, because its forms may be deriyed from tho oblique 
prism, or oblique octahedron on a rhombic base. It has also been called the monodino- 
hedtiOy hefniprismatiCy hemiortkoUjpey clinorhombiey hmihedrie-rhosabief and two and one- 
membered system. 

Tho forms of this system aro tho oblique prim on a reetangidar base; two onTcxs of 
prisms on rhombie basesy a series of right prisms oblique rhombic basesy and the inclined 
or oblique double four faced pyramid or octahedron on a rhombie haoe. 




OBLIQUE SYSTEM. 
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Alphabetical list of minerals belonging to the Oblique System, with the angular elements, from 
which their typical forms and axes may be derwed. Blanks are left in tlye cases where 
the angular elements have not been determined. 


51 15 
|24 27 

53 57 
24 27 
|24 
41 26| 
44 61 

54 
|51 80| 


2 » 6 : 


Aemite 

Algerite • . 

AlUnite . . .63 40 

Amphibole (hornblende) .50 85| 

Annaberffitc [arseniato of 

nickel) . . 55 

Arfredsonito • . 50 35 

Aiisrite . . .49 50 

Barytocalcitc . . 61 0 

Ilieberite (sulphate of cobalt) . 31 0 

Botryogen . . . 63 5 

Bragationite . . 63 25 

Brewsterite . . — 

Bronzitc . . . 49 50 24 10 

Bucklandito . . 63 43 51 41 

Chessylite (blue carbonate of 

copper) . . 45 4 47 17 

Crednerite . 

Diallage . . .49 50 24 9| 

Epidotc . . .6.3 43 51 41 

Erythrine (cobalt bloom) j55 9 53 57 

Euclase . . J49 17 21 50 

Felspar . . .65 47 50 20 

Feucrblcnde . .02 85 53 51 

Freicslcbenitc (aulpbiirct of 

AilYcr and autiinony) . 31 41 50 
Gaylussitc . . . 73 50 27 43| 

Glaubcrlto , . . 37 23 30 53 

C^psum (sulphate of lime) . 52 16 28 16| 

lletcrosite . . « — 

Hculandite • .43 53 47 32 

Humite . . .64 0.30 48 

Hurcaulite. . .42 43 25 14 

Hyperatcnc . . 19 50 24 19 

Johannite . • . 34 1 51 28 

Kermes (red antimony) . » 

Klaprothine (lazulit) . 29 25 58 50| 

Klinoclase (oDlupie prismatic 

arseniato of copper) . 24 18 56 12| 
Kuttiglte . . . 55 9 53 57 




65 41| 
[35 17 

58 4| 

65 4l| 
35 171 

59 12 
75 54 
|03 71 
50 34| 

|64 1 
55 15 

58 10 
71 51 

73"28 
|37 43 
52 50 
65 41 
141 IS 

30 10 

32 15 

59 12 


46 37 
39 2 

74 25 
|64 28 


5341 


35 2 ' 


Laumonite . 

Lehmannlte (chromate of lead) 

|35 45 LepidoUtc . 

77 13 Llnarite (enpreons sulphate of 
, lead) . . 

59 11 Lunnite (hydrous phosphate of 
77 13 copper) 

|65 41 Margaritc . 

53 27 .Malachite (green carbonate oi 
|50 32 copper) 

12 41 Melanterite (sulphate of iron) 31 
135 48 Miargyritc . . .40 

Mica . . . 25 10 

Mirabilite (sulphate of soda) . 57 55 

Monazite . . . 30 20 

Natron (carbonate of soda) . 58 52 
Pargasite . . .50 

Pharmacolito (arseniato of 
lime) • 

Placodinc . 

Plagionite • 

lleolgar (red sulphurct of 
arsenic) 

Rhodonite (Riliciferoua oxide 
of manganese) . • 49 

Rhyacollte. • . 65 37| 

i^chccrcrite 

Soolezitc (needlcstone) . 69 59 
Sphcnc • . . 31 27 

Spodumeno . . 49 50 

Symplcsite . . . _ 

Tincal (borate of soda) . 52 33 
Triphyline . 

Trona 

Vauqucllnito 

Vivianite (phosphate of iron) . 54 13| 
Wagnerite . . . 63 25 

Whewellitc (oxalate of lime) . 36 47 
Woolastonite (tabular spar) . 32 4 
Eoisite . . 


. * 
241 


47 
84 
54 42 
49 50 
36 54 
28 8 
14 27 


54 58 
64 56 
54 5ll 

173 83 


502 ^ 


3 

\ I 

[52 41[ 
38 59 


66 43 
59 29 


28 20 
25 32 


60 46 
26 38 
64 46 
46 36 
59 41 
54 19 
77 IS 


28 16 
28 16 
17 37 


40 23 


!4 9 
|50 29 

19 71 
60 27^ 
60 40 

54’" 2 


51 22 
44 42 
70 32 
37 44- 


|50 20 
58 54 


73 50 
|28 16|53 .5 
71 2 


46 59 

65 41 
|63 19 

72 20 
68 8 
65 33 

48 20 


50 35 
56 3 
150 39 
59 21 


The Oblique Rectangulax Frism.— The oblique rectangular pri^m, or the 
oblique prism on a rectangular 
base, is a solid bounded by six 
faces; two of these faces (Fig. 325 ), 

^1 ^2 ^3 ^4 and B5 B<j B9, are 
equal and similar rectangular 
paraU^ograms; two other faces, 

Bj B^ B^ Bj and B^ B3 B^ Bg, aro 
also equal and similar rectangular 
parallolograms, differing in magni- 
tude from the fonner pair ; and the 
remaining sides, B^ B4 Bg Bg and 
B3 Bg Bg Bg, are equal and sin^ar 
oblique parallelograms. 

Thjii ibnn is now generally 
regarded as a combinatiau of three 
open forms, each consisting of a pair of parallel faces, and sometiines appearing by 
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PABAMETERS OF THE OBLIQUE SYSTEM. 


itself in combination vith other forms without the other two. B 2 B 3 B 4 and 
Bft Bq B 7 Bb are then called the basal pinaeoids^ B^ B4 Bg Bg and Bg B 3 B 7 Bg the 
eliwhpinaeoids^ and B| Bg Bg Bg and B4 Bg B7 Bg the wtho^naeMs, 

Axes of the Oblique Prism and Oblique System , — ^Bisect the edges B^ Bg, Bg Bg, &o., 
Fig. 326, by the points Mi, Mg, Mg, and M 4 ; the edges Bi Bg, B 4 Bg, &c., by the points 
£ 1 , Eg, Eg, and £ 4 ; and the edges B 4 , ^ Bg, &c., by the points A|, Ag, Ag, and A 4 . 

Join Ml Mg Mg and M 4 ; £4 and Ai Ag cutting in Pi ; and Eg £4 and Ag A 4 
cutting in Pg. 

Bisect Ml Mg and M 4 Mg in Gi and Gg ; and also M| M 4 and Mg Mg in Hi and Hg. 

Join Pi Pg, Hi Hg, and Gi Gg, cutting each other in C. 

Then Pi Pg, Hj Hg, and Gi Gg, are the three axes of the prismf and also of the 
oblique system. 

Pi Pg is called the chief or principal axis; Hi Hg and Gi Gg the secondary axes* 
Hi Hg is the ortho~diagonalf and Gi Gg the elino^diagonal of Naumann. 

Pi Pg and Gi Gg are inclined to ono another, at some angle greater or loss than, but 
never equal to, a right angle ; Hi Hg is perpendicular to both Pi Pg and Gi Gg, and 
consequently to the plane in which they lie. 


IPaiameten. — ^The semi-axes GPi, CGi, and GHi, are the parameters oblique 

system ; the length of GGi is perfectly arbitrary, but its length once chosen, the 
magnitude of GPi and CHi for any particular mineral depends upon the angular 
elements previously given. 

To determine GP and GH. Draw GG (Fig. 326) of any convenient length. 

Then if a, ^ and y be the three angles given as the 
angular elements of any particular substance, 

V Draw CP making an angle equal to ISO® — (a + fi) 

\ with GG, and through G the line GP, making an angle 
\ equal to fi with GG. 

\ Let GP and GP meet in the point P ; through G 

\ draw GL perpendicular to PG. 

Then (Fig. 327) draw GL equal to CL (Fig. 326). 
Fig- 3 7. Through C draw CH perpendicular to CL, and 
through L, LH making an angle equal to y with GL. Let H be the point where 
GH and LH meet. 



The lines GG, GH and GP thus determined are the parameters of the oblique 
system. 

It appears, therefore, that in the oblique system one axis only is perpendicular to the 
other two ; and the three parameters are unequal. 

To draw the Oblique Bsetangular Pnim.— Draw B, Bg (Fig. 326) equal to twice CG 
(Fig. 326). Through Bg draw B. B 7 , making an angle of about 30® with Bg B 7 ; make 
Bg Br equal GH (Fig 327), through Bg draw Bg Bg equal and parallel to Bg ]^, join 
B 7 Bg. 4 

Through Bg draw BgBg equal to twice CP (Fig. 326), and making the angle B 4 Bg Bg 
equal to the angle PCG (Fig. 326) ; through Bg, Bg and B 7 draw Bg Bi, Bg Bg, and 
B 7 Bg, each parallel and equal^to Bg B 4 . Join £ 4 , Bg, Bg and Bg, and the prism will be 
represented in perspective. 

iSTyinMv.— Each face of the oblique rectangular prism cuts one of the three uzes, at 
a distance from their centre, equal to the length of one of the parameters, and is 
paralld to the other two axes. 
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Tho two hasat pinaeoids B, B3 B4 and B^ B^ B^ Bg cut the axis in the points 

Pi and P2, and are parallel to the axes Hi H2 and Gi Gg. 

The symbol which re- 


presents tho relation of 
these faces to the axes 
is 00 00 1. 

Naumann’s symbol is 
OP; MiUer’s, 001 ; 
Brooke and Levy's modi- 
fication of Haiiy is P, 
when they regard the 
oblique rhombic prism as 
tho primitive form of the 
crystal. 

The two oriho-pinor 
m^*Bi B2 Bq B5 and 
B4 B3 B7B2 cut the axis 
Gi G2 in the points Gi and 
G3, and are parallel to 
the axes Hi II, and Pj P,. 
The symbol which repre- 
sents this relation is 1 00 oo 



Fig. 328. 


Neumann’s symbol is oo P oo ; Miller’s 10 0; Brooke and Levy's H. 

Tho two elino-pimeoida Bi B4 Bg B4 and B, B, B, B^ cut tho axis H| Hg in tho 
points Hi and H2, and are parallel to the axes Pi Pg and The symbol which 

represents this relation is 00 1 oo . 


Neumann’s symbol is (oo P co } ; Miller’s 010; Brooke and Levy’s G. 

To doscride a Net for the Oblique Jdectangular Trim, — Describo a parallelogram 



Fig. 329. Fig. 330. 


Bg Bg B| B4 (Fig. 328 ) equal and similar to Bg Bg Bi B4 (Fig. 826 ). Through B| draw 
Bi B, pmpendicular to Bj Bg, make Bi B, equal to twice CH (Fig. 827 ). Thion|^ 
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draw perpendicular to B^ Bs, making B5 Bg equal to Bj Bo, and join B^ B^,. 
Through Bg draw Bg F perpendicular to Bg B5, and equal to Bg Bg, and through Bg, 
Bg D parallel and equal to Bg F. Join FD. 

Then arrange two parallelograms equal and similar to each of the porallelograms 
B| Bg Bg B4, B^ Bg Bg, and Bg Bg CD, as in Fig. 329, and the required net will be 
constructed. 


Spheve of Projection for the Oblique System. — To draw a map of the sphere 
of projection for the oblique system, with C (Fig. 330) as a centre, and any conyenient 
radius CGj doaoribc a circle Pj G^. 

Let Pj C Po, and Gj C G^ bo two diameters intersecting one another in such a 
manner, that the angle Pj C Gj is equal to a + jS. Then C, the north polo of the 
hemisphere, may bo talcon as the polo of the cUno^pinacotd Bj B4 Bg Bg (Fig. 325), 
Gj and G.^ as the poles of the ortho-pwacoids^ and P^ and Po as the poles of the basal 
pinacoids. 


Crystals of the following minerals present faces parallel to the Basal Pinacoids 00 00 1 ; 
0 P, Natmami; 0 01, Miller; P, Brooke and Levy. The angle is the longitude of 
the pole P| from Gj. 


Allanitc IIP 55' 

Amphibolc 75’ 2' 

Aui^ito . 73*’ 59' 

Barytocalcitc 102® 20' 

Biebcritc 75® C' 

Botryopren 117® 3i' 

Bragationito 114® 55' 

Brewftterite 86" 20' 

Bronzite 73® OS' 

Bucklandite 114® 55' 

Cheseylite 92® 21’ 

Epidote. 115® 24' 

Euclnso . 71® 7' 

Felspar . 116® 7' 

Vreieslcbenito 87® 46' 

Gayluaite . 78® 27' 


Glauberite , 

. es®16' 

Ilculiinditc • 

. 91® 25' 

llnmite • 

. 100® 48' 

Johannitc 

. 85® 29' 

Kcrmca . 

. 37® 45' 

Klaprothine « 

. 88® ly 

Xliooclasc • 

. 80® sy 

Lehmannite . 

. 78® 1' 

Lepidollte. undetermined 

Linarite 

. 102® 45' 

Lnnnitc 

9(F O' 

Malachite 

61® 45' 

Mclanterite 

75® 4y 

Miargyritc 

81® 36' 

Mica 

8(P V 

Mirabilite 

107® 45' 


Monazitc , 76® 14' 

Pargasitc , 75® 2' 

Pharmacolite 83® 14' 

Platirionite 72® 28' 

Realgar. 113® 55' 

Rhodonite 73® 5^ 

Rhyacolite 116® f/ 

Sphene . 94® 54' 

SpoduiDcno 110® SO' 

Tincal . 106® Sy 

Triphyline, indctcrmincd. 
Yuuquelimtc „ 
Vivianite 108® 35' 

^yagne^itc 108® 7' 

Whewcllite 107® 19' 

Woolastonitc G9® 48' 


Bronzito 

Epidote 

Felspar 

Oaylusitc 

Olauberite 


The following present Cleavages parallel to this form. 


llumite 

Klhioease 

Lehmannlte 

Lepidolitc 

Linarito 


MaUichite 

Jdelanterite 

Mica 

Mirabilite 

Monazitc 


Bealgar 

Rhodonite 

Bhyaoolite 

Sphene 


Tt'iphyline 

Wagnerite 

'Whewcllite 

Woolastonito 


Faces parallel to the Ortho^pinacoids 1 <x> oo ; oo P oo Naumann ; 1 0 0 MiUer ; 
H Brooke and Zevyy occur in Crystals of 


Aomite 

Algerite 

Alhinitc 

Amphibole 

Angite 

Dragationito 

Brewaterite 

Broiudte 

Bueklandite 

ClKBaylite 


Epidote 

Erythrine 

Euclase 

Felspar 

Feuerblende 

Freiealebenlte 

Oaylusite 

Glauberite 

Gypsum 

Henlandlte 


numite 

HuieauUte 

Hypersteno 

Kermes 

Klaprothine 

Klinoclase 

Laumonite 

LehmaBaite 

Linarite 

Lunnite 


Malachite 

Mclanterite 

Miargyritc 

Mirabilite 

Monazite 

Natron 

Plaoodine 

Plagumite 

Realgar 


Rhodonite 

Rhyacolite 

Scolczito 

Spodumene 

'lineal 

Vauquelinite 

ViTianile 

Wagnerite 

WoolaBUmite 



OBLIQUE RHOMBIC PRISM, FIRST ORDKK. 
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The foUowing present Cleavages parallel to this form. 

Acmitc JBpidote Laumonite Mirnbilito Spodumeiie 

Amphibolc Erythrine Lchmannitc Monazitc Tincal 

Augite Euclose Linartl^ riacotlinc Viviunito 

BrcwBtcrltfi 03^psuin Luimilc lloalKar Wagncritc 

Bronzite Syperatenc Miargyrite Rhouonite Woulustonito , 

Chcssylite Kermea 


Faces parallel to the Clim-pinacoids ooloo; (ooPoo) Kaimann ; 010 JdiUcr ; 
G Brooke and Lcvy^ occur in Crystals of 


Acmitc 

Epidote 

Klaprothinc 

Mica 

Scolezito 

Algcrite 

Erythrine 

Kottigito 

Mirabilifc 

Sphone 

Amphibolc 

Euclase * 

Laumonite 

Monazitc 

Spoduniriic 

Annabergito 

Felspar 

Lehmannitc 

Natron 

Symplcsite 

Tincal 

ArfvedHonito 

Fcucrblendc 

Lepidolito 

Pnrgasitc 

Aiigite 

Gypsum 

Linaritc 

rhiirmncolitc 

Triphj'lino 

Bptryogen 

Ileulnndito 

Malachite 

Realg.ir 

Vivianite 

BrewHtcrite 

Humitc 

Melanteritc 

Rhodonite 

Whcwcllite • 

Bronzite 

Chcssylite 

llypcrstene 

Johaniiitc 

n 

Miargyrite 

Rhyacolitc 

Zoisite 


The following present Cleavages 

pa**allel to this form, 


Acmite 

Erythrine 

KSttigite 

Monazite 

Rhyacolitc 

Amphibolc 

Eaelaae 

Laumonite 

Natron 

Sympleaite 

Annahergite 

Felspar 

Lepidolile 

Pargasitc 

lineal 

Arfvedaonito 

Gypsum 

Malachite 

PharmacoUte 

Trlphyllno 

Augite 

Jleulandite 

Mioa 

Realgar 

Vivianite 

Breioaterite 

Bronzite 

Uyperstene 

Mirubilitc 

Khodorite 

Whewellite 


Oblique Rhombic Prism of the Fiist Ovdez.—Tho oblique rhofubie qmsm, 
or the oblique prism on a rhombic base, ia a solid bounded by six facrcs, four of ■which 

arc similar and ccpial oblique parallelo- 
grams, such as Ai El E., A 3 (Pig. 331), 
and the other two arc similar and equal 
rhombs. 

This prism is generally regarded as 
an open form ; the foiu: oblique paral- 
lelograms arc then considered its faces, 
and the two rhombs which inclose it the 
basal pinaeoids. 

To Draw the Oblique Jthombie Frism. 
— Pick off the points Ai, A^ A 3 , A 4 , 
El, Eg, E.,, E 4 , from Fig. 825; join 
those points as in Fig. 331, and tho 
prism will be represented in perspeotiTC. 
^ ~ Each face of this prism, 

considered os an open form, cuts two of tho axes Gi G, (Fig. 325) and Hj H 2 , at the 
extremities of their parameters, and is parallel to the &ird axis Pi Po. The symbol 
representing this property is 1 1 co ; Naumann’s is 00 P, Miller’s 110 , Biocdre and 
Levy’s M. 



444 


OBLIQUE RHOMBIC PRISM, PIBST ORDER. 


To BtKcrihe a Net for the Oblique Bhombie FrisM of iho Firet Order, — Bisoct B* Bg 
(Fig. 328) and F D by tho points A 4 , also tbo lines Bg D and Bg F by Eg and Eg. 

Join Eg, Ag, Eg, and Ag ; then Eg Ag Eg Ag will bo 
tho rhomb which forms the base of tho prism. 

Through Bg (Fig. 328) draw Bg K perpendicular to 
Bg Bg. In Bg Bg take Bg L equal Bg K JoinBgL. 

Then (F4;. 332) draw M N equal Bg L (Fig. 328), 
M P perpendicular to M N 
and equal Bg K (Fig. 328). 

Join P N, and bisect it 
in Q ; produce PM to B, 
and make P E equal Bg B^ 

(Fig. 325). Through ^ 
draw Q S parallel and 
equal to P E ; and join 
ES. 

P Q E S will be one 
of tho four oblique paral- 
Fig. 332. lelogroms forming one of 

the aides of the prism. Four such parallelograms, and two rhombs equal Ag Eg Ag Eg, 
arranged as in Fig. 333, will form the required net. 

Folee of the Oblique Jlltofnbie Frism of the First Order on the Sphere of FroJeetioft,-^Thh 
four poles of this ft)rm lie in tho aone or meridian C Gg (Fig. 330) : two, A^ and 
Ag (Fig. 330), where the circle of north latitude, whose polar distance from G tho 
north pole is X, cuts the zone G| C Gg ; and two where tho circle of south latitude, 
whose polar distance from the south pole is X, cuts tho same zone. X is determined 
from the formula — 

tan. X = sin. ^ tan. 7 cosec (a + ^), 

where a, i9, and 7 are the three angles proyiously given as the angular elements, for 
the substance, whose poles for this form are required. 




Foies parallel to the Oblique Rhombie Prtm, 1 1 00 ; 00 P Naumann ; 1 1 0 Miller ; 
M Brooke and Levy^ occur in the folkwing Minerals. The angle is the angle x, 
whi^ determines the Latitude of their Foies. 


Aemita • 
Alzerite 
Amphibole 
Arfvedsonite 
Auglte • 

Botryogen 

Brewstirite 

Bronaite 

Bncklandlte 

Chenylite 

Epidote . 

Endase . 

VelspsT . 

Feoerblende 

Frdedeliaiite 

Gaylnsilte • 



43«»28' 

Glauberlte 



41® 47 

Monaslte 


46® 37 


47® or 

^paum 



65® 41' 

Natron • 


88® 14' 


62® 6' 

Healandlto 



68® 7 

Parnfasite 


62® 17 


62 ® or 

Humite . 



25® 17 

Pharmacolite 


68® 47 


46® 37 

Hureaulite 



81® 17 

Placodine 


82® 17 


43 ® 27 

Hyperstene 



48® 17 

Realgar • 


87® 17 


41® 17 

Johannite 



34® 87 

Rhodonite • 


43® 87 


39® 67 

Klaprothine 



45® 47 

Sooleaite 


47»47 


68® 7 

Ellnoelase 



28® 7 

Sphene • • 


66® 54' 


48® 87 

Lanmonite 



43® 7 

Spodnmene . 


48® 87 


81® 37 

Lehmannite 



46® 67 

lineal • 


48® 87 


49® 47 

Lepidolite 



59® 87 

Triphyline • 


66® 7 


Sl®84r 

Linarlte 



87 37 

Vidai&te . 


55® 87 


37® 27 

Malaohite 



68® 47 

Wagnerite • 


47® 47 


69® 34' 

Melanterita 



41® 17 

Whewellite • 


50® 17 


69® 87 

Miargyrite 



17 47 

Woolaatonite. 


47® 47 


59® 87 

Mica . 



60® 27 

Zoiilte . 


58® 7 


84® 27 

MiraMUte 



40® 17 
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The following present CUaeages parallel to this prim, 

AemUe Felspar Laumonite Pargaoite Sphcne 

AmphiJhoU Freieslebenite Lehmannits Placodino Spodumene 

Arfoedsonite Oayluarite Lepidolite Realgar Tlnoal 

Augile Glauberite Mmnterite Rhodonite Triphyllne 

Botryogen Hyperatene Miea Scolezite Whewellite 

Cheasylite Johannite Natron 

Oblique Rhofi^ie Prisms derived from the Oblique Rhombic Prim of the First Order 
1 1 00 y increasing the axis CH|, or the Orthodiagonal H1H2.— -These prisms will be 
similar in magnitude and position to the prism 1 1 00 (Fig. 331) from which they arc 
derived, but will difiPer in magnitude. To draw these prisms and describe their nets, 
we must make H| H2 (Fig. 325) equal to » times the parameter GH (Fig. 327), where 
n may be any whole number or fraction greater than unity. Making this alteration 
in Fig. 325, the points A|, As, A^, Ai, and £|, £3, £3, £4, will give the angular points 
of the derived prism. From Fig. 325 so altered, the net for the derived prism may be 
obtained in the way described for the prism 1 1 00 . 

The symbol which represents the relation of this derived prism to the axes of 
the oblique systenf is 1 n oo ; Naumann's is 00 P n ; Miller’s k ho\ Brooke and 

n 4 1 

Levy’s 

Position of the Poles of these derived Prims on the Sphere of Prqfeetion , — The four 
poles of these prisms lie in the zone or meridian Gj G Go (Fig. 330). Two where the 
circle of north latitude, whoso polar distance from G, ^0 north pole, is X, cuts the 
zone Gi G Gj, these points bi and ^2 always lie between A| G^ and A3 G3 ; the other 
two poles will be where the circle of latitude, whoso south polar distance is X, cuts the 
same zone. X is determined from the formula 

tan X = n sin tan 7 cosec (a + 0), 

Faces parallel to the following forms of these Prisms have been observed; the angle given 

for eaeh Mineral is X. 

The form 1 4 00 ; qo P 4 Naumann ; 4 3 0 Miller; Brooke and Levy. 

Euclase . . .64^' 24' | Freieslebenite . 66^* 24' ( Realgar . . 45** 20' 

The form 1 4 <x> ; 00 P 4 Naumann ; 3 2 0 Miller ; Brooke and Levy. 

Chessylite . . 60^ 3.7 I Euclasc . . . 660 57 I Flacodine . . 43« 2ft' 

Erythrine . . 65o 5' | Lehmumite . . 58» 1' | Wagnerite . , 58» 46' 

The form 1 2 ao ; oo P 2 Naumann ; 2 1 0 Miller ; Brooke and Levy. 

Ampbibole . . 62° 17 Euclase . . .72° 17' I Realgar . . 56° 38' 

Botiyogen . . 40° 52' Lebmannite . . 64° 54' Wagnerite . . 65° 32' 

ChessyUte . . 67° 4' MirabiUte • . 22°59' Zolrite . . . 72° 44' 

Epidote. . . 50° 51' 

Botryogen has a cleavage parallel to this form. 

The form 1 4 00 ; «> P 4 Naumann ; 5 2 0 Miller ; Brooke and Levy. 

Realgar. . . 62° 14' 

The form 1 3 00 ; eo P 3 Naumann ; 3 1 0 Miller ; Brooke and Levy. 

Ampbibole . . 80° 3' I Freieslebenite . 78° 57 I Pbarmacolitc . 78° 33' 

Augite . . . 70°40' Miargyrite . . 45° 17 1 Yirianite . 4 77° 7' 

Felspar . • . 29° 25' | 

Oblique Rhombic Prisens derived from the Oblique Prim 11 by increasing the axis 
GG^, or the (Jlin0’4iagonal Gj^G^.— These prisms also will be similar in magnitude and 
position to the prism 1 1 00 (Fig. 331), from which they are derived ; they may be 
draws and their nets described by making GG| and GG2 (Fifip- 325) equal to n times the 
parameter GG (Fig. 326), where n may be any whole number or fraction greater than 
unity. 
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The symbol which represents the relation of the derived prism to the axes of 
the oblique system is n 1 go ; Naumann’s is (oo P f») ; Millof s h k o; Brooke and 

n + l 

Levy’s 

Position of the Poles of these derived Prisms on the Sphere of Projeetion. — The four 
X)oles of these prisms lie in the zone or meridian G1GG2 (Fig. 330), two where the circle 
of north latitude, whose polar distance from G, the north pole, is A, outs the zone 
G 1 CG 2 ; these points dy and always lie detween CA^ and CA^ ; the other two poles 
will bo whore the circle of latitude, whose south polar distance is A, cuts the same zone. 
A is determined from the formula 

tan A = --- sin B tan 7 coscc (a jS). 

Paces parallel to the folloiviny forms of these Prisms have been observed; the mgU given for 

each Mineral is A. 

The form J 1 00 ; (00 P f )Naumann ; 5 6 0 MiUcr ; G^^ Brooke and Levy. 

Freieslebenito . 5P6r * 

The form 4 1 00 ; (oc P 4) Naumann; 3 4 0 Miller ; G" Brooke and Levy. 

*Erytbrinc 6' 

The form 4 1 ^ 3 F Naumann ; 2 3 0 Miller ; G^ Brooke and Levy, 

llcul^ar 26> 51' 

The form f 1 00 ; (oo P 4) Naumann ; 3 5 0 Miller ; G^ Brooke and Levy. 
Vrcioslcbcnitc . 45'* SIT 

The form 2 1 00 ; (<» P 2) Naumann ; 1 2 0 Miller ; G'* Brooke and Levy. 

Aurrito . . . 25** 2.y Gypsum • . SG** 12' Monazite • . 27^* 51' 

Brcwstcritc . . 51° 4f l.ehmannite • . 28° 5' Wagnerite . . 28° 47' 

Chcs^ylilc . . 30> 35' Lunuitc . . 19° 28' Whewellito . . 31° 3' 

Freieslcbenite , 40° 20^ 

Frcicslebenite and Wagnerite havo cleavages parallel to this form. 

'J'he form 3 1 00 ; (oo P 3) Naumann ; 1 3 0 Miller ; Brooke and Levy. 

Aniphibolc . . 32° 21' I Barytocalcito • 16° 27' 1 Sphene . . . 88° 1' 

Augite . • .17° 35' | Gypsum . . 26° 1' | Spodumeno • . 17° 33' 


Slight Vzism on an Oblique Rhosabie Base. — ^This prism has two faces 
A I Ao ^r.j Ml (Fig. 334) A3 A4 M3 M4, which oro similar and equal rectangular pai'ol- 

lelograms, two other faces A^ A3 Ms M4 and 



Ml Mg Ai A3 also rectangular paralldograms, and 
similar and equal to each other, all inclosed by the 
two faces Ai Mi A3 M4 and M3 A2 M3 A4 which 
are similar and equal oblique parallelograms. 

The four rectangular parallelograms arc the 
faces of this prism when it is regarded as an open 
form ; the oblique parallelograms which inclose it 
are then the faces of the clino-pinacoids. 

The four faces of this prism cut the two axes 
P, P^ and Gj Gj, in the points P and G, and are 
parallel to the third axis Hi H3 (Fig. 32d). 

Tho two faces Ai A3M3M1 andM4NaA4Aaare 
called the positive; and Aj Aa M4 M3, Mj M3 A3 A4 


the negative ortho-iomes. 


Fig. 834. 
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To draw this prism we have only to pxick off the points A 3 , A 4 , E^, E., 

and E 4 (Fig. 325), and join them as in Fig. 334. 

Symbols , — ^The symbol which represents the relation of this prism to tho axes of 
the oblique system is 1 00 1 ; Naumann’s is P 00, Miller’s 10 1 , Ei'ooke and Levy’s 
0 ^, for tho positive ortAo^domes ; and I co — P oo Nanmaim, I 0 1 MiUcr, A^ Brooke 
and Lovy, for the negative ortho-domes. 

Net for the Right Prim on an Oblique Rhombic .Bos#.— Describe two oblique rhombic 
parallelograms similar and equal to A^ Mi A 3 M 4 (Fig. 334), two rectangular parallelo- 
grams, having their breadth equal to 
Ai Ml and length to twice M^ A^, and 
two other rectangular parallelograms of 
the same length, but haying their 
breadth equal to M^ A 3 ; arrange these 
six parallelograms as in Fig. 335, and 
tho net will be constructed. 

Position of the Poles of tits Prism on 
an Oblique Rhombic Base on the Sphere 
of Projection , — ^The four polos of this 
prism always lie in the equator, E^ P^ E.^, 

Fig. 330, the poles of the positive 
ortho-domes between P^ Gj and P^ Gg, 
the arc Gj Ej being equal to tho are Gg Eg ; F„ Fg the poles of the negativo ortho- 
domes between P^ G^g and Pg G^, tho arc Gj F^ being equal to Go Fg. 

To determine the longitude of E^ from Gj, wo have the following formula) 

If ^ be such an angle that tan ^ = sin iS cos (a S) coscc a, 

And p such an angle that cot /a = sin ^ cosec (45'’ -f- ^) sin 45'' tan (a + 0), 

Then longitude of E^ equals ft + a + 3 — 90. 

To determine the longitude of F^, wo have 

tan ^ s — sin /3 cos (a + 18 ) cosec a, 

And cot ft = sin ^ coscc (45° + ♦) tan (a i 5 ). 



Faces parallel to the Right Pt'ism on a Rhombic Base have been observed in il^e foUoiving 
Minerals ; t/te angle is that of their longitude. 


The form 1 oo 1 ; P oo Naumann; 10 1 Miller ; 0^ Brooke and Levy. 


Allanite 

Amphibole 

Au^te . 

Barytocalcite 

Bieberito 

Botryogen 

Bragationite 

ChcBsylite 

Epidote 

Erythrine 

Shclaae 

Felspar 


. 63°4(r 
. 50>8F 
. 49®5(K 
. Cl® O' 
. 31® O' 
. 6.3® S' 
. 63® 25' 
. 45® 

. 63® 43' 
. 55® O' 
. 49® 17' 
• 65*48' 


Freieslebenltc 
Gypsum 
Humite 
Johannite • 
Kermea 
Klaprothlne 
^linoclaae • 
Lchmoimite . 
Melanterite . 



. 81® 41' Monazite . 
. 63®1IV Natron 
. 64® O' Placodinc 
. 34® 1' Realgar 
. 72® & Khyacolite . 

• 29® 25' Spbenc 

• 24® 18' 'rriphyliiie . 
, 39® 2' Yauquelinite 

. 31® 53' Vlvianito 
, 40® 2' Wagneritc . 
. 57® 55' Wheweliite . 


Euclase has a cleavage parallel to this form. 


. 39® 29 
. 5S® &2r 
/ 04® 56' 
. 73® 83' 
. 65 37' 
. 84® 27' 
. undet. 
. undet. 
. . 51® 13' 
. 63® 29 
. 36® 47' 
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The fonn 1 oo 1 ; — P oo Naumann; 10 1 Miller; Brooke and Levy. 


Ampbibole . • lOe^.S' 

Augite • « 105« 7' 

Barytocalcite . 134*> 52' 
Bieberite . . I 8803 I' 

ChesBylite . . 137^ 13' 

OypBum • • 113** 46' 


Hyperatbene . 105® 7' 

Kbprothino • 149® 45' 

Lchmannite • 128® 58' 

Melanteiite • 137® 38* 

Miargyrite • • 181® 46' 

Monassito • • 126® 8' 


Natron . . 126® 32' 

Plaoodine • . 120® 5^ 

Sphene • • 148® 28' 

Tripbyline • . imdet 

Yivianite . . 144® 20* 


Barytocalcito lias a cleayage parallel to this form. 

PzlsniB dezlTed from the Might Prism on an Obliqne Mhombic Base.— 

By making CPj and OPj (Pig. 325) equal to tn times the parameter CP (Pig. 326) ; 
and from (Pig. 325) so altered deriving a prism, as in Pig. 334, a new scries of prisma, 
similar in form and position, but differing in magnitude from the prism (Fig. 334), 
may bo formed. 

m may be any fraction or whole number greater or less than unity. 

The symbols for these prisms will be + 1, 00 , w ; + m P a> Naumann ; A 0 A, or 

m m 

71 0 X: Miller ; and 0^ or Brooke and Levy, according as the ortho-domes are 
positive or negative. 

The formulae for determining the longitude for the poles of these prisms, which all 
lio in the equator, are, 

tan m sin jS cos («+^) cosec a 


cot =s am ^ cosec (45 ^) sin 45 tan (a ^) 

and longitude equal to /a + u + d — 90. 


Faces parallel to ilicss derived Pmms, mth the following angles for determining the 
Lofigiiude of their Foles^ have been observed in nature. 

The form 1 oo P qo Naumann ; 1 0 8 Miller ; Oi^ Brooke and Levy. 

ChcBsylite « • 84® 55' | Llnarite . • 99® 16' 

The form 1 00 ^ P oo Naumann ; 1 0 5 Miller ; O'Ai Brooke and Levy. 

Chessylite . . 80®32' 

The form 1 oo j ; i^co Naumann ; 1 0 3 Miller ; Oi Brooke and Levy. 

Bucklandite . . 98® 38' I KermeB . . • 102® 9^ I Mclanterite • . 54® 46' 

Kpidote . . .98® 38' I Klaprotbinc . • 58® 30' Vivianitc . • 89® 5* 

Erytbrinc . . 89® 52' | 

Erythrine has a cleavage parallel to this form. 

The form 1 00 ^ ; § P « Naumann ; 2 0 5 Miller ; 0^ Brooko and Levy. 

Woolastonito • 49® 18' 

The form 1 oo i i P « Naumann ; 1 0 2 Miller ; 0^ Brooke imd Levy. 

Bragationito • . 88® 58' I Kpidote . . . 89® 27' I Lunnito . . 76® 34' 

ChessyUte • • 64® 25' | Laumonite . . 68® 40' | Sphene ... 55® 83' 

The form 1 00 <1 ; § P oo Naumann ; 2 0 3 Miller ; 0^ Brooke and Levy. 

Felspar. . • 81® 54' I Linarite . . 83® 42' 1 Woolastonite . 40® 7 

The form 1 00 $ ; P 00 Naumann ; 5 0 6 Miller ; cA Brooke and Levy. 

IJnarite . . 78® 59' 

s * 

The form 1 qo|; ^PocNaumann; 403 Miller; 0^ Brooke and Levy. 

Felspar . . . 53® 4(7 | Humite . • 54® 29' 
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The form 1 « f ; f Poo Naumann ; 3 0 2 Miller ; 0^ Brooke and Levy. 

Allanlte . . 30* | Chessylite . . 83” 21' | Epidotc . . ,43' 37' 

The form 1 co 2 ; 2 P oo Kaumann ; 2 0 1 MiUer ; 0^ Brooke and Levy. 

Bmfrationitc . . IV Heulandite . • 25<’25' PlAoodino . . 4n5' 

ChesBvlito . . 26« O' Humlte . . 40° 37' Realgar . . 41* 2' 

Epidotc . . 34” 21' Lehmannlte . . 23” 5y Rhyacolitc . • 33^ 38' 

Felspar . . .35” 4y Linarlte . . 51” 54' Vivianite . . 29^ 29' 

'Gaylussito . . 51” 5F Mirabilito • • 32” OS' Woolostonite . 10” Sy 

The form loo 3 ; 3 Poo Naumium ; 3 0 1 Miller ; 0^ Brooke and Levy. 

Bragationite . . 22” 22' | Chessylite . . 18” 1' | Miargyrite . .17” 38' 

The form 1 oo 4 ; 4 P oo Naumann ; 4 0 1 Miller ; 0* Brooke and Levy. 
Humite . . • 21” 38^ | Lehmannite . . 13” (S' 

The form 1 oo J ; — J P oo Naumann ; 3 0 I Miller ; Brooke and Levy. 

Aogite . . . 144” 28' | Gypsum . . 92” 2' 

The form 1 oo J ; — J P oo Naumann ; 2 0 1 Miller ; Brooke and Levy. 

Augite . • .89” 20' I Laumonite . . 125” 41' 1 LuDoite . . . 103” 20' 

Chessylite . . 119” 16' | 

The form 1 oo f ; — J P oo Naumann ; 2 0 3 MiUcr ; A^ Brooke and Levy. 
Woolastonitc . 114M7' 

The form 1 oo J ; — 4 P oo Naumann ; 4 0 3 Miller ; A^ Brooke and Levy. 
Humite . . ' . 137” 36' 

The form 1 oo J ; — f P oo Naumann ; 3 0 2 Miller ; A« Brooke and Levy. 
Erythrinc . . 152” SI' | Glaubcrite . . 133” 46' | Klinoclase . . 161” OV 

The form i oo 2 ; — 2 P oo Naumann ; 2 0 1 Miller ; A* Brooke and Levy. 
Amuhibole . . 130” 6' 1 Glaubcrite . . 144” 39' I Mirabilito . . 155° 41' 

BraS#uiiitc, . 157” 20' | Heulandite . .155” 5' Purgasite . .130” 6' 

CiiCKBvlitc . . 154” 41' I Humite • • 147” 8' | Woolustonilc • 151” 25' 

Felspar • . . 157” 7' | 

The form "l oo 3 ; — 3 P «> Naumann ; 3 0 1 Miller ; A^ Brooke and Levy. 
Lchraaunitc . • . 1G0”41' 

The form 1 oo 4 ; — - 4 P oo Naumann ; 4 0 1 Miller ; A- Brooke and Levy. 
Humite. . . 101” O' I Lehmannite . . 1G5” 31' 


Oblique Prism on a Rhombic Base of the Second Order.— The oblique 
rhombic prism of tho second order is 


similar in form to that of tho first order, 
but differs in its position with regard to 
the axes of tho system. The faces of this 
prism aro called elino^domes, 

Symbols, — Each face pitsscs through one 
of the extremities of the axes Pj P.^ (Fig- 325) 
and III ^ parallel to tho third axis 

Gi Gj. Tho symbol which expresses this 
relation is oo 1 1 ; Naumann’s is (P oo } ^ 

Miller’s Oil; Brooke and Levy’s E^. 

To draw this prism prick Off the points 



Ej, Eg, E3, El, and Mj, Mj, M3, M4, from lig. 336. 

Fig. 32 !^, and join them as in Fig. 336. 

Position of tho Poles of tho Oblique Rhombic Prism of tho Second Order on the Sphere 
of Prelection, — The poles of this prism all lie in the zone or meridian P, CPg (Fig. 330) ; 
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two where the circle of north latitude, whose polar distance from e is X, cuts the 
meridian P| GP2 ; and two where the circle of south latitude, whose south polar distance 
is X, cuts the same zone. 


The formula for determining K is 

tan X = 


tan 7 sin a 
sin (a + jS) 


Faces paraUei to the Oblique Rhoinbie Ffriam occur in the following Mnerah : the angle 
is X which determines the latitude of their poles. 


Allanite 

. 35° 25' 

Ilamite . 

35’ 17' 

Natron . 

55° 2' 

Augite . 
Bieberite 

. GO* 20' 

Hureaulite 

44° O' 

Pharmacolitc 

70° 34' 

. 32® sy 

Klaprothinc 

30° 42' 

Realgar 

48° 21' 

Bragatiouitc . 

. 35‘»25' 

Laumonite 

59’ 4y 

Sphene . 

56° 44' 

Chesaylite . 

. 48^41' 

Lehmannite 

47° Sl' 

Spodumene 

39° 45' 

Epidote . 

. 35° 4' 

Lunnito. 

56’ 18' 

Yirionite 

55° 33' 

Feuerblondc . 

. 37<* O' 

Melanterite 

33*44' 

Wagnerite 

64° 25' 

Freiealebenitc 

. 47° 10' 

Miargyrito 

19° y 

Whewellite 

37’ 25' 

• 

lieulanditc . 

. 67° 47' 

. 49°20' 

Mirabilite 

Monazite 

43’ 15' 
48° 8' 

Woolaatonite 

43° 44' 


Sphene has a cleayagc parallel to this form. 


OblHLMe Rhombic Pzisms deiiwed Drom those of the Second Ordez,— 

By taking CPj and OPg (Fig. 325) tn times the parameter CP (Fig. 326), where m may 
be any fraction or whole number; and from Fig. 325, so altered, describing an 
oblique rhombic prism of the second order, a series of prisms, similar in form and 
position, but differing in magnitude from Fig. 336, may be formed. The faces of 
these prisms are called elino-domes. 

JSach face of these deriyed prisms cuts two of the azes P^ P 3 , Hj, and 
is parallel to the third 0 ^ ; the symbol which expresses this relation to the axes is 

m 

00 1 m ; Neumann’s is (m P 00 ) ; Miller's okl; Brooke and Leyy’s E- * 

Position of the Poles of the de> iced Oblique Prism of the Second OHcr on the Sphere of 
Prqjoetion.-~^\io poles of these prisms all lie in the zone or meridian PiCP.^ (Fig. 330) ; 
t\yo for each prism where the circle of north latitude, whose polar distance from G is 
X, cuts the meridian P^ GP^, and two where the circle of south latitude, whose south 
polar distance is X, cuts the same zone. 

The formula for determining X is, 

. ^ I sin 7 sin a 

tan X = . -/ , 

m Bin (a -p 

Faces parallel to the derived Oblique Rhombic Prisms of the Second Order^ "with the 
following angles fon' detemnining the latitude of their poles^ have been observed in nature. 

The form 00 1 ; (j- P 00 ) Naumann *,013 Miller ; Brooke and L^yy. 
MclantcS-ite . • GS** 26' | Sphene . . 77'* 40' 

The form co 1 •} ; (^ P cc ) Naumann ; 0 2 5 Miller ; Brooke and Loyy. 

Chessylite . . 70<’ 38' 

The form 09 1 ^ ; (^ P 00 ) Naumann ; 0 1 2 Miller ; E^ Brooko and Leyy. 

Allanite . . 54** 53' Euclase . . . 81<* S' Lehmannite • 65*>2 <' 

Bieberite . . 62<> 45' Feuerblende . 56^ 2G' Realgar . . 66 '* S' 

Biicklanditc . . 54*^ 33' Frelealebenite . 65° 8 ' Wagnerite . 70* IW 

Epidote . • 540 33' Klaprothlne . • 49^ 45' Woolaatonite . 25° 34' 
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The form oo l§; (jPoo) Naumann; 0 23 Miller; Brooke and Levy. . 

Botryofren . 70*> 3(y I Felspar . 71^ SO' | Woolastonite 55^ S' 

Chesaylite . 59^ 37' Humite 40** 43' | 

Tho form 1 ^ ; (f F oo ) Naumann; 0 3 2 Miller ; Brooke and Levy. 
Frcicslebcnite . 35** 43^ | Realgar • • 36** 51' | Wagnerito • . 42* 59' 


The form oo 1 2 ; (2 P oo ) Naumann ; 0 2 1 Miller ; E^ Brooke and Levy. 


Ampbibolo . 
Augite . 
Chessylite . 
Felspar . 
FrcieslebeAlte 


60® 20' 
41® 27' 
29® 37' 
45® S' 
28® 21' 


Gaylussite 
Humite 
Lehmonnite 
Mica . 


35® 15' Monaaite . . 29® O' 

19® 20^ Hhyaoolite . . 45® IG' 

28® 88' 'fincal . . . 24® 51' 

24® 45' Wagncrite 34® 57' 


Chessylite has a perfect cleavage parallel to this form. 

The form oo 1 4 ; (4 P oo ) Naumann ; 0 4 1 Miller ; E^ BrooJce ana Levy. 
Augite . . . 23® 42' 

The form oo 1 G ; (6 P oo ) Naumann ; 0 6 1 Miller ; E^ Brooke and Levy. 
Felspar . . .18® 28' 


Oblique Rhombic Octahedzon. — ^Thc ohliqm rhombic octahedron^ or the double 
four-faced oblique pyramid dn a rhombic baee^ which is also 
colled the monoclinohedric pyramidj is a solid bounded by 
eight scalene triangles. These triangular faces are of two 
kinds ; the faces Pj H| (Fig. 337), Pi IIj G^, Pj IIi G.j, 
and Py II 2 G.j, being equal and similar scalene triangles ; and 
the faces P, Gj lli, Pj Hg G^, P, Hi G^, and P^ H, G^ being 
also similar and equal scalene triangles, which are not similar 
or equal to the former. This solid may be regarded as a com- 
bination of two open forms, each consisting only of those 
faces which are similar and equal to each other. 

7b draw tlw Oblique Rhombic Octahedron . — Prick off from 
Fig. 325 the points P^ P.^, Hi, H.,, Gj, G 2 , and join these 
as in Fig. 337. 

Axc ^. — ^The axes of the oblique system join the points 
Pj 1 * 2 , Hi Hj, and Gj Gg, Fig, 337. 

Syinbols. — Every face of the pyramid cuts tho three axes 
Pi Po, Hi H 2 , and Gi Gj, at the oxtremities of the parameters. 

Ill may bo taken os the symbol for tho form whose faces aro Pi H| Gj, Pi ll^ G^. 
Pj III Gj, and P 3 H 3 G^. Naumann’s symbol for this form is P ; MillcFs, 111; 
Brooke and Lovy’s, D. This form is called tho positive Iwmi-pyramid. 

Ill may bo taken as the symbol for the form whose faces are Pi Hi G^, Pj Ily Gjj, 
Pj III Gi, and Pg Hj Gi. Naumann's is — P ; Miller’s, 111; Brooke and Levy's B. 
Tlils form is called the negative hemupyramid, * 

Position of the Poles on the Sphere of Prejectim . — ^Two of the poles of each of these 
forms lie in the same circle of north -latitude, and two in the circle of [south latitude, 
whose south polar distance A'is equal to the norti polar distance of tho former. 

Lot p be the longitude of the pole nearest to Gj (Fig. 330) on tho northcrnhemisphcrc, 
rcckonfiig its longitude from Gi, of the form 111 , the four pedes of this form will be 
whore tho circles of latitude whose north and south ^polar distances aro A cut the 
meridians p and 180 /li. 



Fig. 337 
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If jbi be the longitude of the nearest pole of 1 1 1 to G,, reckoning its longitude from 
G|, its four poles will be where the circles of latitude, whose north and south polar 
distances are cut the meridians p, and 180 ^ p. ^ 

The following fonnulss are used for the determination of X and p for the form 111. 
If ^ be such an angle that tan ^ = sin i9 cos (a 4* 0) coscc a 
and ^ such that cot ^ =a sin ^ cosec (45 + ^ 45 tan (a 0) 

Then ju s 4^ + a + /3 — 90*" and tan X = sin iS tan 7 see 4^ 


For the form 1 1 1 the formulm are the same, except that 
tan ^ =z — sin i3 cos (a 4" i3) cosec a. 



CH and CP (Fig. 338) at right angles to each other ; take CH Pig. 341. 

and CP equal to the parameters CII and CP (Figs. 326 and 

327), and in CP take CG equal to the parameter CG (Fig. 326). Join HG and HP. 

Then (Pig. 339) describe the triangle H| Pi Gi, having its sides Hi Gj and IIj Pi 
equal to HG and HP (Pig. 338), and the side Gi P| equal to a lino joining Gi and 1\ 
(Fig. 325). 

Likewise (Fig. 340) describe the triangle H^ Pi Gg, having its sides IL, Gg and Hg Pj 
equal to HG and HP (Fig. 338), and the side Gg Pi equal to & line joining Gg and Pj 
(Fig. 325). 

Then four triangles equal and similar to P, Hi Gi (Pig. 339), and four other equal 
and similar to P, Hg Gg (Fig. 310) arranged as in Fig. 341, will form the required net. 

Faces parallel to the Positive Hemipyramid 111; P Naumann; 111 Miller; 

D Brooke and 2evy, have been observed in the following Minerals, 

Allanito . X = 35'’4y = Lanmonite . X = 6e®43' /t = 4e®37' 

Amphibole A = 77^ 13' /a== 50*’35' Lehmannite . As 59^29' /« = 39^ 2' 

Augite . A = 65° 42' #1 = 49*50' Luniilte . . A = 58° 54' #i = 64°28' 

Barytooaloito A = 53° 27' m^ 61° O' Melanterite . A = 50° 46' /i = 31°53' 

Botryogen. A = 62° 41' /t = 63° 5' Miargerite . A = 26° 38' #t = 40° 2' 

Bragationito A = 35° 48' /& = 63°2y Mica. . . A = 64°46f #1 = 25° 19' 

Chea^Ute A = 58° 3' ft = 45° 4' Mirabilite . . A = 46*36' #i = 57°55' 

Epidote A = 35° 16' #1 = 63° 43' Monazite . . A = 59* 41' #a = 39° 20' 

Erythrido A = 59°12' #i=55° O' Plaeioulte . . A = 71« 1' #i = 54°5l' 

EuedaM A=75°54' #t = 49°17' R^gar . . A = 46°59' #t = 7|°33' 

Eekpar A = 63° 7' ft =65° 48' Rhyacolite. . A = 63° 19' /a = 65° 37' 

Freieslebenite A = 64° V m = Scolezite . . A = 72° 20' - C9° 59 

Gaylumito. A = 55° 15' Spodamene . A = 45° 33' jyi = 49°50' 

Olauberite A = 58° 19 #t = 37°23' Tinoal . . A = 48°29 /a = 52° 33' 

Oypaum . A = 71° 51' #1 = 52° 16' Vauquelinite, not determined. 

Heulandite A = 73P28' #i = 43°53' Yivianite . . A = 59* 39 . #1 = 54° 13' 

Humlte . A = S7°48' #i = 64° O' Wagnerlte . A = 56° 3' #i=63°li5' 

Klaprothine A = 59* 19 11 = 29° 25' Woolastonlte . A = 59° 24' #i = 92° 4' 

Ba^tocalcite has a perfect deavage parallel to this form. 
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Faces paralkl to the Negative Nemipyramid ill; — P Naumann; 111 Miller ; 
B Brooke and Levy^ have been observed in the following Minerals^ 


AUanite . 

A = 48® 18' 

u = 1440 56' 

Klaprothine 

. A = 49o2y 

ft = 1490 47 

Amphibole 

A = 740 14' 

u , s 106’ 2' 

lielimannite 

. A = 530 57' 

#1 = 1280 5gr 

Augite • 

A = 600 i(y 

tt = 105o 7' 

Mica 

. A = 610 27' 

#1 = 1500 27' 

Cheesylite 

A = 59’ 8' 

fi = 1370 IJV 

Mirabilite 

. A = 55’ 21' 

#1 = 1410 42r 

Epidote 

A = 48o y 

IL = 1450 17' 

Monaaite 

. A = 53" 18' 

ft = 126o 

Euclose 

A = 710 5.y 

99059' 

Pargasite 

. A = 740 IF 

#i = 106» S' 

Felspar 

A = 720 2(y 

ft = 1450 S' 

Plagionite 

. A = 670 13' 

#1= 940 O' 

Glauberito 

A = 470 41' 

#1 = 1170 

Seoleaite 

. A = 72’10' 

#1 = 1080 2 sr 

Gypsum 

A = 690 14' 

IL = 1130 46' 

Vivianite 

. A = 67o 7' 

IL = 1440 20' 

Humite 

A = 420 39' 

ft=131« (f 

Wagnerite 

. A = 630 46' 

ft = 1300 7' 


Augite has a cleavage parallel to this form. 


Sezived Oblique Rhombic Octahedrons. — From the oblique rhombic octa- 
hedron just described, a series of oblique rhombic octahedrons may bo derived, similar 
to it in position, but differing in magnitude. These octahedrons may conveniently be 
arranged under three classes. 

Derived Oblique Octahedron of the First Class.— These pyramids may 
be drawn by making CF| and CP.^ (Fig. 325) equal to m times the parameter CP 
(Fig. 326), where m may be any whole number or fraction greater or less than unity. 

Symbols, — ^Tho symbol for the positive hemipyramid is 1 1 m ; m P Naumann ; 
h hi Miller ; D*” Brooke and Levy. For the negative hemipyramid 11m; — m P, 
Naumann ; B“ Brooke and Levy. 

The poles of the positive homipyramids lie in the ssono OE^ (Fig. 330), 
and those of the negative in the zone F^ GF.^. To determine K and /i wc have the 
following foi-muhe : — 

tan ^ = + m sin jB cos (o + fi) cosoc a 

cot ^ = sin ^ cosec (45 sin 45 tan (a fi) 

M = ^ + a + fi — 90 and tan A = sin jB fan 7 sec 

Faces parallel to the following Pyramids of the First Class have been observed m Nature. 

The form 1 1 iV; A ^ Naumann; 1, 1, 10 Miller; D*® Brooke and Levy. 

Miargyrite . A =73® 12' y.==1i^4Sy 
The form 1 1 ^ ^ P Naumann ; 1 1 6 Miller ; D® Broo|CC and Levy. 

Miargyrite . . A = 630 51' = 72=» ly 

The form 1 1 i; i P Naumann; 114 Miller ; D® Brooke and Levy. 

Miargyrite A =540 26' fi = 670 50' 

The form 1 1 P Naumann ; 1 1 3 Miller ; Brooke and Levy. 


Klaprothine 

Miargyrite 

A= 64’ 

A = 470 

ft = 580 30' 
ft = 630 37» 

Spheno 

. A = 78’8(r 

ft = CO' 52' 

The form 1 1 3 

i V Naumann ; 1 I 2 Miller; D‘^ Brooke and Levy. 

Bucklandite 

A =51* 43' 

IL = 89’ 27' 

Mica . 

A = 7(P 4' 

fi,= 4P 7' 

Kpidote 

A = 510 45' 

#1 = 89’ 27' 

Plagionite • 

A = 60= 24' 

fi = 42’ 29' 

Felspar 

A = 740 28' 

ft = 910 O' 

Sphene • 

A=74’40' 

ft = 550 sy 

Freieslebenito 

A = 7(P 21' 

#1 = 50’ 80' 

Spoduincne 

A = 58’ O' 


Humite 

A = 54’ 34' 

ft = 810 33' 

Tinciil 
YiTiAiite . 

A = 610 i7f 

ft = 76’ 49' 

Klaprothine 

A = 570 4y 

ft = 470 sy 

A = 70’ 26' 

#* = 79’ 

Miargyrite 

A = 37049 ' 

ft = 560 11' 

Wagnerite 

A = 69* 27' 

#1 = 85 


Pl^ionitc has a perfect cleavage parallel to this form. 

The form 1 1 y ; } P Naumann ; 2 2 3 Miller; Brooke and Levy. 
GheseyUte. A = 63®40' |i = 5e“57' 



4.34 
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U’hc form 11 P Naumann ; 2 2 1 Miller; I)“ Brooke and Levy. 

AuKito . . A = 35' p. == 35’ Sr/ I Ilumito . . A = 28’ 6 ' = 4(r 37' 

Clif ssylitc . . A = 52’ 13' /i = 2B’ O' I Woolastonitc . A ^ 53’ 22' /* = 19’30' 

Felsimr . . A = 57’ O' ft -=35’ 45' | 

'riio form 113; 3 P Xaumanii ; .3 3 1 Miller ; Broiikc and Levy. 

Euclasc . . A = 05’ 8 ' ft = 27 ’ 51' 

The form 114; 4 P Xaumann ; 4 4 1 Miller ; Brooke and Levy. 

Lcbmnnnite . A = 49= 4’ ft = 13’ 16' 

The form T 1 i ; — i P Xaumann ; 1 1 2 ^filler ; B® Brooke and Ijcvy. 

Brapatiomte "! A = 60° 37' /t = 133’ 27' | Vivianite . . A =74° 41' a = 13(7* 51' 

Miarpyritc . A- 34° 33' ft = 110’30' | Whewcllitc . A = 05’ 30' jLt=138°40' 

Tho form i 1 ■ 1 P Naumann ; 1 1 3 Miller ; Brooke and Levy. 

(ilawberito . A = 71° 22' ft = 84' 27' I Klaprothine . A = 03’ 32' ft = 118° 58' 

(iypsum . . A = Ka' 8 ' ft = 92’ 2' | 

The form 1 1 ’2 ; — 2 P Xuiimann , 2 2 1 Miller ; B^ Bi^ookc and Levy. 

Amphibolo . A = 05’ 48' p. = 130’ O' Miarpyrite . A =19’ 22' fL = 152 'fS' 

Augitc . . A = 47° 45' ft = 129’ 18' Wagneritc . A =50’ 51' ft = 153’ 14' 

ChcnavUte . A = 53° 7' ft =154’ 4/ Woolastoiiito . A = 46° 7' ft = 154’ 25' 

llumite . . A --32° 38' /a = 117’ 8 ' 

Tho form 113; — 3 P Xaumann ; 3 3 1 ^ililler ; B-^ Brooko and Levy. 

Augite . . A=44° 4' /a = 143° 17' | Glauberite . A = 71° 22' ft = 84° 27' 

Derived Oblique Octabedrou of the Second Class. — This octahedron may 
be drawn and its net described, by making CP^ and CPj (Fig. 32.5) m times the para- 
meter CP (Fig. 326); where m may be any whole number or fraction equal to, 
greater, or less than unity : and CHj and OH 2 (Fig. 325) n times tho parameter GII 
(Fig. 327) 9 whore 11 may be any whole number or fraction greater than unity. 

Symbols . — ^The symbol for the positive hemipyramid of this octahedron is 1 » m ; 

-Jt} 

mVn Naumann \ hh I Miller ; D” “ ^ II Brooke and Levy : for tho negative 

_ n + l wifn A I) 

hemipyramid 1 a i» ; — m P a Naumann \ hJcl Miller ; B* B" r ^ II Brooke and 
Levy. 

Poles . — ^To determine tho position of the poles we have the following formulas : — 
tan ^ = + 7 a sin ^ cos (a -f- p) coscc a 
cot if/ = sin ^ cosee (45 -f- ^) sin 45 tan (a -f- 8) 
ft = iff -fo + i3 — if/ and tan \ = a sin /3 tan 7 see i/f. 

The positive or negative sign being used for tan 4 >, according as the hemipyramid is 
positive or negative. 

Faces parallel to the following Pyramids of the Second Class have been observed in nature. 

The form 1 2 J ; 1 P 2 Naumann ; 2 1 4 Miller ; Brooko and Levy. 

Spbeiic . . A = 82° 16' fi = 53° 33' 

The form 121 ; P 2 Naumann ; 2 1 2 Miller ; D' D® Ili Brooke and Levy, 
Klaprothine A = 67° 22' fi = 29’25' ‘ Spodurocno A = 45° 33' u = 49°c50' 

Miurgyrito A = 45° S' fi = 40° 2' Wugnerite A =71’ 24' ia = 63°25' 

Kealgar . A = 64“ 59' ^ = 73° 33' -ao 

Realgar has a cleavage parallel to this form. 
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The form 12^; 4^2 Nanmann ; 4 2 3 Miller ; D"* Brooke and Levy, 

llumito . . A = 52=‘ 2' ,1 = 54^29' 

The form 12 2; 2 P 2 Naumann ; 2 1 1 Miller ; D‘ D-* Brooke and Levy. 

Chessylitc A = G8'’4{y ft = 26^ O' Miargyritc A = 38'>3r/ jx = 25® K' 

Epidoto . A ==48’ 21' tt = 34®21' Mirubilitc A = 59® G' jx = 32®2G' 

Dumite . A =15^ 53' a = 40^37' 

The form 12 4; 4 P 2 Naumann ; 4 2 1 Miller ; D> !)•* JI^ or .jA Brooke and Levy. 
-Aliargyritc . A = 35® 34' a = 13° 4' |‘ Realgar . . A = W® 15' a = 29^ 7' 

Tlie form 1 J 7 ; 7 P } Nanmann ; 7 3 1 MiUer ; D’ Us Brooke and Levy. 

Miargyrite . A = 38® 50' a= ^°39' 

The form 1 3 ^ } P 3 Naumann ; 3 1 4 Miller ; Brooke and Levy. 

Wagnerite . A = 79® 35' a = 73® 37' 

The form 1 3 -J ; } P 3 Naumann ; 3 1 2.Millcr ; I)^ D- Brooke and Levy. 
Frcicalebeiiite A = 79® 55' a = 22® 34' 

The form 13 2; 2 P 3 Naumann ; 6 2 3 Miller ; D' Ila Brooke and Levy, 
numite . . A = 58® 1' a = «°37' 

The form 13 3; 3 P 3 Naumann ; 3 11 Atillcr ; JJ)* L- II* or .,X Brooke and Levy. 
Miargyritc . A = 47® 59' a = 17® 38' 

The form 14 1; P 4 Naumann ; 4 1 4 ^filler ; D* 11^ Brooke and Levy. 
Freicricbenito . A = 83® 3' a = 3P 4' 

The form 1-42; 2 P 4 Naumann ; 4 1 2 ^lillor; D' 1)^ 11^ Brooke and Levy.' 
Realgar . . A = 71’ 19' a = 44’ 2' 

The form 14 4; 4 P 4 Naumanu ; 4 1 1 Miller ; D* Brooke and Levy. 

Chcspylitp . A = 78® 10' a = 14° 10' 

The form loo; 5 P 5 Naumann ; 5 1 1 Miller ; D‘ Di‘ 1I-* Brooke and Levy. 
Miargyritc . A = 60® 25' a = 10° 34' 

The form 16 3; 3 P 6 Naumann ; 6 1 2 Miller ; D' Hi Brooke and Levy. 
Realgar . . A = 76® 31' a = 29® 25' 

The foniji 1 f 1 ; — T # Naumann ; 3 2 1 Miller ; B* B* Brooke and Levy. 
Pharmacolite . A = 69® 38' a = 148® 42' | Euclaae . . A = 67® 10' a = 09® 59' 

The form i 2 1 ; — P 2 Naumann ; 212 Miller ; B* Brooke and Levy. 
Realgar. . A = 72® 33' a = 189° 46' 

The form 12 2; — 2 P 2 Naumann ; 211 Miller ; B^ B® Brooke and Levy. 
Bragationito . A = 59’ 8' a = 187® 20' | Lolimannite . A = 65® 49' a = 128°88' 

The form 124; -4P 2 Naumann; 421 Miller; B'BUP orAa Brooke and 
Levy. 

Humitc . . A = 46® 52' a = 161° 0' 

The forml 31; — P 3 Naumann ; 3 1 3 Miller ; B* B® Brooke and Levy. 
Gypsum. . A = 67® 30' a = 118^6' | Miargyritc . A = 53®10' a = 131° 46' 

»o form 13 3; - 3 P 3 Naumann ; 3 1 1 MiUcr ; B^ B^ IP or Brooke and 
Levy. 

Amphibole . A = 49® 52' A = We° O' | Glauberito A = 68® 4' a = 185® 25' 
Euclase . A = 78® 6' a = 140® 20' 
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Tho form 161; —PS Naumann ; 6 1 6 Miller ; Bi H'A’ Brooko and Levy. 
Miargyrito . X = 70’30' /ui=:13r46’ 

Derived Oblique Oetaliedron of fhe TbSrd Class. — This octahedron may 
bo drawn and its net described, by making CPi and CPi (Fig. 326) wi times the para- 
meter CP (Fig. 326) ; where m may bo any whole number or fraction, equal to, 
greater, or less than unity ; and CGj, CG^ (Fig. 325) equal to n times the parameter 
CG (Fig. 326), whore n may be any whole number, or fraction greater than unity. 
Symhoh . — Tho symbol for tho positive hemipyramid of this octahedron is n 1 m ; 

n f 1 ttifn + 1) 

(;» P w) Naumann; k h I Miller; D* D** — i G 2 n Brooke and Levy. For the 

_ n wifti * 1) 

negative hemipy^ramid n 1 «i ; — (*» P n) Nauroann; I* h I Miller ; B^ B”—^ G ^ 
Brooko and Levy. 

J^oles , — To determine the position of the poles we have the following formula) ; — 
tan ^ z= + ^ sin ^ cos (o + jS) coscc a 
cot = ain 0 coscc (45 + tp) sin 45 tan (a fi) 

— and tan A = ^ sin i3 tan y sec tp 

Tho positive or negative sign being used for tan 4> according as tho hemipyramid is 
positive or negative. 

F^eex parallel to the following Pyramids of the IViird Class have hem observed in 

nature^ 

Tho form | 1 ^ ; (t} P ^) Naumann ; 2 3 2 Miller ; D' D® G^ Bropke and Levy. 
Uottlgar . . A = 35'’ 33' fi = 73‘‘83' 

The foim 2 1 f ; (§ P 2) Naumann ; 1 2 5, Miller ; Gi^' Broo£:e and liovy. 

Chcssylite . . A = 7r35' jifc = 8p'’32' 

Tho form 2 1 J ; (J P 2) Naumann ; 1 2 3 Miller; B^ B" Brooke and liovy. 
Spbeno. . . A=C8^ 2' fA = 6U’52' 

Tho form 2 1 -J ; (^ P 2) Naumann ; 2 4 5 Miller ; B* B’ G?' Brooke and Levy. 

Chcsflylitc . . A = 56'* 35* = 09^ 29* 

The form 2 1 1 ; (P 2) Naumann ; 1 2 2 Miller ; B^ B® Brooke and Levy. 

ISpidote . . A = 32'’ 23' = 89'’ 27' | WuRnerite . . A = 53“ 2' = 85® 4' 

The form 2 1 ^ ; (^ P 2) Naumann ; 2 4 3 Miller ; B* 0* Brooke and Levy. 

Chessylite . . A =.45" 29* = 50“ 57' 

The form 2 1 2 ; (2 P 2) Naumann ; 1 2 1 Miller ; B^ B ' G^ Brooke and Levy. 

Bnrytocalcifc A = 34’ O' ft = 61® O' | Monnzitc . A = 40® 32^ ft = 39® ^O* 

Frcicftlcbe&itc A = 76’ 18' ft = 31® 41' | Natron . A = 39® 59* ft = 58’ 52' 

The form 2 14; (4 P 2) Naumann ; 2 4 1 Miller ; B^ B^ G^ or Eg Brooke and Levy* 
Chessylitc . . A = 32’ 50* ft = 20® O' | Felspar . . A = 37® 35' ft = 35® 45' 

The form 3 1 } ; ( J P 3) Naumann ; 1 3 4 Miller ; D® G» Brooke and Levy. 

Chessylitc. . A = 57® 12' ft = 77® 41' 

The form 3 1 ^ ; (f P 3) Naumann ; 1 3 2 Miller ; B^ B® Brooke and Levy. 
Wheweillte . A = 28® 41' ft = 62® 49* 
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The form 3 1 3 ; (3 P 3) Naumann ; 1 3 1 Miller ; D* or Eq Brooke and 
Levy. 

Amphibolc. A = 55® 46' ft = SORBS' Fclupar A = 3:'.'‘2(y ft = 65® 48' 

Augite . A = 36’ 26' ft = 49'* StT GypHum A = 45’ aiT ft =; 52® 16' 

Kuclaso . A = 53® 0' ft = 49® 17' 

The form 4 1 4 ; (4 P 4) Naumann ; 1 4 1 Miller ; G a' Brooke and liovy. 

Sphene . . A = 33®52' ft = 34® 27' 

The form 5 1 -J ; (f P 5) Naumann ; 1 5 2 Miller ; D' D? G* or Ej Brooke and 
Levy. 

Augite . . A = 37 MS' ft = 60® 29' 

The form 6 1 2 ; (2 P 6) Naumann ; 1 6 3 Miller ; I)' G^ Brooke and Levy. 

Spheno . . A = 39® 34' ft = 66® 52' 

The form J 1 4 ; — (4 P 4) Naumann; 3 4 1 Miller ; B’ B* o’’ Brooke and Levy. 

Euclasc . • A = 49® 52' ft = 140® 20' 

The form 2 11; — (P 2) Naumann ; 1 2 2 Miller ; B' B* G5 Brooke and Levy. 

Wagnerite . A = 59®30' ft = 126® 32' | Lunnite . . A = 56®5S' ft = 103® 26' 

The form 2 14 ; — (4 1’ 2) Naumann ; 2 4 3 Miller ; B‘ Brooke and Levy. 

CUcsBylito . A = 46® 36' ft = 126® 12' 

The form 2 12; — (2 P 2) Naumann ; 1 2 1 Miller ; B^ JP G* Brooke and Levy. 

Chcssylito. A = 39® 55' ft = 137® 13' I Gypsum . A = 52® 50' A = ll3®40' 

EueUwo . A = 56® Sir ft = 99® 59' 1 Sphene . A = 55® 27' A = 148® 28' 

The form 2 1 J ; — (j P 2) Naumann ; 4 8 3 Miller , B‘ B^ G- Brooko and Levy. 

Augite . . A = 34® 51' ft = 114® 31' 

The form 2 1 4 ; (4 P 2) Naumann ; 24 1 Miller ; B* B-^ G'* or Brooke and 

Levy. 

Felspar . . A = 49® 10' ft = 157® 7'* 

The form 3 13; — (3 P 3} Naumann ; 1 3 1 Miller ; B^ G- or .^E Brooke and 
Levy. 

Amphibole A=rr49®45' ft = 106® 2' Mica. : 31® 30' ft = 150*’ 27' 

Gypsum . A = 41® 19' ft = 113® 46' 

The combinations of this system arc so like those of the Prismatic, that we need 
not give any examples of them. 

SIXTH SYSTEM—ANOBTHIC, OH DOUBLY OIILIQUF.. 

This system is colled the anorthic from the want of symmetry of its fdrms ; and the 
doubly oblique because its forms may bo derived from tho doubly oblique prwn^ and doubly 
oblique octahedron. It has also been called the Trielinehedricj Anorthotype^ Tetarto- 
prismatic^ Tetarto-rhombie^ and the One~and~one~mefnbered system. 

To system all forms may bo referred which cannot bo placed under any of the 
preceding systems. 

Only two forms belong to the anorthic system : the doubly oblique prism^ and the 
doubly oblique octahedron or pyramid. 
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ANGULAR ELEMENTS, ANORTHIC SYSTEM. 


Alphahetiedl list of Mincf'ala belonging to the Anorthie or Doubly Oblique System^ with the 
Angular Elements from which their typical forms and axes may he derived, BlanJcs 
are left in the cases where the Angular Elements have not been determined, . 


Albite (clcavelandite : Tetarto- 
prismatic felspar) . 

Axinito 

Rabingtonite .... 
Blue vitriol (sulphate of copper) 
Cbristianitc (aiiurthite) 

Kyanite (disthcnc) 
l^bradoritc (Labrador felspar) 
Latrobito .... 
Lcucophane .... 
Oligoclusc .... 
Sassolinc (native boracic acid) 


a 

iS 7 


tt 

i 

c 

$ 

€ 

C f 

« » 1 1 ' f 

1 ” ' 

0 t 

0 » 

fi » 

3 t 

fJ4 46 

63 26 1 93 8 

1 03 36 

63 36 

91 18 

58 26 

41 35 

U1 49 

82 2 !102 36 

, 0{) 5 

82 14 

102 30 

:)2 0 

51 21 

93 36 

86 47 !n2 39 

92 34 

88 0 

112 30 

39 18 

23 49 

73 12 

67 8 i K2 56 

70 22 

65 4 

100 41 

28 4 

27 16 

93 11 

63 16 ; 88 41 

91 12 

63 38 

86 58 

57 31 

40 55 

91 16 

63 26 1 93 8 

93 36 

63 36 

91 18 

58 26 

41 35 

94 16 

63 26 ! 93 H 

i 93 30 

63 36 

91 18 

58 20 

11 35 

92 32 

|104 18 I 89 42 

i 92 32 

ll 

104 18 

90 20 

29 59 

27 51 



Fig. 342. 


Paxameteira and Anea. — In tho anorthie system the three parameters arc 
unequal, and no two axes arc inclined to each oUicr at right angles. By means of the 
a angular elements a, jS, A, $ and c we may determine the lengths 
of the parameters and the inclination of the axes. 

To dttterqeine the Lengths of the Parameters, — Take a straight 
line OT (Fig. 342) of any convenient length to represent one 
of the parameters; this wiU be the aihilrary unit of the system. 
Through one of its extremities 0, draw OQ perpendicular 
to OT; through T draw TM, making an angle 5; and T? 
making an angle c with OT; let TM and TP cut OQ in 
M and P. 

Then OM and OP will represent the lengths of the other two parameters. 

To represent the Inclination of 
th^ Axes in Perspective,-*'Dm?r a 
straight line XOX' (Fig. 343), 
and through 0 a point in it the 
line OZ peipcndicular to XX', 
and tho lino OY making with 
OX' an angle of about 30° with 
OX'. Along OX take OT^ equal 
OT (Pig. 342). 

Then (Fig. 344) draw a line 3^3 

ABC, and through B a point in 

ii draw BD making the angle 7 witli AB, take BD equal to OM (Fig. 342), and 

through D draw DF perpendicular to AC. 
In OY (Pig. 343) take OD equal to half 
of DF (Fig. 344), and through D (Fig. 343) 
draw DMi parallel to OX and equal to BF 
(Fig. 344). Join OM^ and produce it to OY'. 

Now (Fig. 344) draw FG mailing the 
angle iS with FG, take FG equal to OP 





Fig. 345. 

(Fig. 342), and through G draw GE perpendicular to DF. 

Draw HK and KL (Fig. 345) at right angles to each other, take KH equal 
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to FE (Fig. 344) ; through H draw HL, making the angle 90’ — A with TIK and 
meeting KL in L. 

In OY (Fig. 343) take OE equal to half of LK (Fig. 315), tlirough 15 draw KF 
parallel to OZ and equal to UK (Fig. 345). 

Through F draw FP^ parallel to OX and equal to EO (Fig. 336) ; join OP^ and 
produce it to any point Z'. 

Then OX, OY' and OZ' will represent the direction of the axes for any substance 
whose angular elements a, and A are given (page 458), and OT, OM, and OP will 
represent the magnitude of its parameters, depending upon the angles B and e. 

Doubly Oblique Priam— First Order. — The doubly oblique prism is a solid 
bounded by six faces, which are all oblique paralh'lograms, and equal to each other 
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only in pairs. The face Aj Ej 0 ^ (Fig. 346) being equal and parallel to the face 
An Ea Oj IjiJ the face Oi Og equal and parallel to Ei A^ 11^; and the face 
A, li I3 A2 equal and parallel to Ej Oi O3 E,. 

This prism, like the oblique prism, is now generally regarded as a combination of 
three open forms, each consisting of a pair of parallel faces. 

Stfrnibol 8 ,~~TlLO basal ptnacoiiis 0 ^ I, A^ Ej, O2 I2 A, Eg cut the axis at the 

extremities of the parameters OPi, OP^, and are parallel to the axes Mg, Ti T^ ; the 
symbol which expresses this relation is oo oo 1 ; Naumann’s symbol is OP \ Miller’s 
0 0 1; Brooke and Levy’s P. 

The maero-pinaeoids 0| Ej E2 O2 and A^ T| I2 A2 cut the axis M2 at the extre- 
mities of the parameters OMj, OM2» parallel to the axes 1 \ P2 and Tj T.^. 

Their symbol is 00 1 oo ; oo P oo Naumann ; 0 1 0 Miller ; and M Brooke and Levy. 

The braebff-pinaeoids Oj I2 O2 and E| A| A^ £0 cut the axis Ti T2 at the extre- 
mities of the parameters OTj, OT2, and arc parallel to the axes Po, M.^. Their 

symbol is 1 00 00 ; P 00 Naumann ; 1 0 0 Miller ; T Brooke and Levy. 

To draw the Doubly Oblique Prism^ First Order, — Prick off from Fig. 343 the points 
0, Pj, Ml and Tj. Join Mj 0 and produce it to Mo, making OMo cqu^ OMp 

Join Pi 0 and produce to Pj, making OP2 equal to OPj. And join Tj 0, produce it 
to T2, making OT2 equal to OTj. 

Through Mj and Mj draw Hi G3 and H2 phrallel to Ti T2, making Hp Mj Gg, 
Mg Gi, and Mg Hg each equal to OTp 

Join Hi Gi and Hg Gj. Through Hj, Gj, H*, and Gj draw Oj O3, Ij T.., Ai Ag and 
El Eg parallel to Pi Pg* 

Mako Oj Hi, Og Hj, Gj I„ Gi Ig, Hg Ai, llg Ag, G3 Ej and Gg Eg each equal to OPp 
Join Oi Ii, Ii Ai, Ai El, Bi Oi, Og I3, 13 Ag, Ag Eg and Og Eg. 
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To describe a Netjor the Doubly Oblique Prism , — ^Draw CD (Fig. 347) equal twice OT 
A g (Fig. 342) and DB, making the 

/ / angle 7 with CD, and equal to 

/ twice OM (Fig. 342). 

/ Through C draw CA parallel 

/ to BD, and through B, BA par- 
/ allel to CD meeting in A. 

/ Draw on (Fig. 348) equal 

/ twice OT (Fig. 342) and GE, 

/ making the angle B with GlI, 

jj equal to twico OP (Fig. 

Fis.S17. 3^2) 

Through E draw EF parallel to GlI and through 11^ IIF parallel to EG mcctin 




Fiff. 318. 


Fig. 349. 


Also draw (Fig. 319) equal to twice OM (Fig. 342) and MK, making the 
angle a with MN and 
equal to twice OP (Fig. / 

342). / \ 

Through K draw K!L j / 

parallel to MN and through v. / / 

N, NL parallel to MK j X / 

meeting in L. / J 

TheA arrange six par \ / / / 

allelograms, equal and j / 

similar in pairs to the / / y 

three parallelograms (Figs. nT V j 

347, 348, and 349), as in \\/ 

Fig. 350, and the net will ^ 

be described. Fig. 350. 


CrystaXs of the following minerals have Faces parallel to the Basal Pinaeoids 00 oo 1 ; 
0 P Nawnann ,*001 Miller ; P Brooke and Levy, The north and south poles of tire 
Sphere of Prcjection may be considered tire poles of the two faces of the Basal Pinaeoids. 

Albite Biibingtonite Christianite Ollgoclasa 

Axinlte Blue Vitriol Labrodorite Sassolino 

The following present Cleavages parallel to this form. 

Albife Sabinfftonite Labradorite Sassdliae 

Axiiiite Christianite OligoeUue 
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Crystah of the following mineraU have Faces parallel to the Macro^pinacoxds oo 1 oo 
00 P 00 Naumann; 0 10 MUler ; M BrooJct and Levy, The atigles will determine the 
position of one of the poles. 


Albite 

North Polar distance 

86® 24' 

Longitude West 90® 

O' 

Azinite 

North 

„ 


89® 

tf 

„ 90® 

O' 

Bnbingtonite 

North 

•I 


87® 26' 

99 

„ 90® 

O' 

Blue Vitriol 

South 

,, 

,, 

70® 22' 

99 

„ 90® 

O' 

Christianite 

North 

I, 


85® 48' 


„ 90® 

O' 

Labradorite 

North 

fi 


86* 24' 


II 90® 

O' 

Oligoclase 

North 



86® 24' 

99 

II 90® 

0' 


The following present Cleavages parallel to this form. 

Albite Azinite ChrUtianite Labradorite Oligoclase. 

Crystals of the following minerals have Faces parallel to the Brachy-pinaeoids 1 oo oo ; 

00 P 00 Naumann ; 1 0 0 Miller; T Brooke and Levy, 

Azinite i^onth Polar distance 82® 14' Longitude West 12® 36' 

Babingtonite South „ „ O ,, West 22® SiK 

Blue Vitriol South „ „ 65® 4' „ East 7® 4' 

Shssoline North „ „ 75® 42' ,, East 0® 18' 

Azinite and Babingtonitc have imperfect cleavages parallel to this form. 

Doubly Oblique Rhombio Dzism, Second Ozdez.— If \vc bisect the edges 
0| 1} (Fig. 340) O3 I2 in F| and F2, the edges A| and in B| and ; the edges 
0| Ep O3 E2 in D| and ; and the 
edges A| I], A2 I3 in G| and C2 : and 
then prick off the points B^, Dj, Fj, 

Gi, Bq, Do, F2, G2, and join them as 
, in Fig. 350, we shall derive from 
the doubly oblique prism (Fig. 346) 
another doubly oblique prism, similar 
in form, but ddffering in position and 
magnibido with respect to the oblique 
axes of the anorthic system. 

This prism is generally considered 
as the combination of jthree forms, 
each consistmg of a pair of parallel 
faces. 

Bi Dj Gi and Bj Dj Gg P2 are regarded as faces of the basal pinacoid. 

Symbols , — ^Thc form whose faces are Fj Pj Dg and B| Gj C3 B2 cuts^oach of the 
axes M| T2 at the extremities of their parameters, and is parallel to the third 

axis Po. Its i^mbol is 1 loo'; oo P{ Naumann; 110 Miller; 11^ Brooke and 
Levy. % 

Tho form whoso faces are B^ D^ Bj D., and G^ F| G2 F2 cuts each "of the axes 
"Ml Mo, T| T3 (Fig. 346) at tho extremities of their parameters, and is parallel to tho third 
axis Pj P2. Its symbolis 1 1 00 ; 00 [P Naumann ; 1 1 0 Miller ; G Brooke and Levy. 
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DOUBLY OBLIQUE FBISMS, SECOND ORDEU. 


Tho form 1 1 oo ; oo PJ Naumanii; 110 Miller ; H' Brooke and Levy, occurs in 


Albite 

South Polar distance 

69“ O' 

Longitude West 

33°5(r 

Axinite 

South o 

84’ 29' 

„ West 

46® 4P 

Blue Vitriol 

South 

62“ 25' 

West 

60® 29' 

Christianite 

South 

69“ 3' 

West 

81® 33' 

Labradorite 

South 

69® 9' 

West 

83® Sir 

Oligoolase 

South 

69“ 9' 

West 

89® 80^ 

Sassollne 

North 

80“ 33' 

West 

58® & 


Blue Vitriol, Labradorite, and Oligoclase have imperfect cleavagea parallel to tbis 
form. 

The form 1 1 oo ; oo jP Naumann ; 1 1 0 Miller ; G' Brooke and Levy. 


Albite 

North Polar distance 

61® 55' 

Longitude West 

150® 44' 

Axinite 

North 


ft 

83“ 33' 

$$ 

West 

160® 1' 

Babingtonite 

North 

$t 

ft 

85® 54' 

99 

West 

137® 49' 

Blue Vitriol 

Bouth 

If 

ff 

83®. 8' 

99 

West 

116® 24' 

Christianite 

North 

f } 

ff 

65® 38' 

99 

West 

146® 35' 

Labradorite 

North 

9f 

ft 

64® 55' 

99 

West 

150* 44' 

Oligoclase 

North 

tl 

ff 

64® 55' 

99 

West 

150® 44' 

Sassoline 

South 

ft 

ff 

84® 57' 

99 

West 

119® 55' 


Albitc and Blue Vitriol have cleavages parallel to this form. 

Doubly Oblique Mams dezived from that of the Second Older.— By 

making OT^ and OTj in Fig. 346 n times greater than the parameter OT (Fig. 342), 
where n is any whole number or fraction greater than unity, we may from Fig. 346, 
so altered, derive another prism of the second order composed of the basal pinaeoids 
and two forms whose symbols will ho 

« 1 00 ; oo P[ n Nautnann ; 1 » 0 Miller; H* Brooke and Levy, 
and « 1 <» ; «> *|P fi Naumann ; 1 « 0 Miller ; G“ Brooke and Iicvy. 

By making 0M| and OM.^ (Fig. 346) n times greater than the parameter OM 
(Fig. 342), where n is any whole number or fraction greater than unity, we may from 
Fig. 346, 60 altered, derive a prism of the second order composed of the basal pinaeoids 
and two forms whose symbols will be 

1 M 00 ; oo P j n Naumann ; fs 1 0 Miller ; lln Brooke and Levy, 
and i » 00 ; X j P n Naumann ; n 1 0 Miller ; G** Brooke and Levy. 

Tlic form 3 10; x P[ 3 Naumann; 1 3^0 Miller ; Brooke and Levy. 

Albitc South Polar distance 79^56' Longitude ViTest 62^15' 

Christianite ,, ,, 80=> 33' ,, ,, G2^ 5' 

Oligoclase „ „ 79'’ 56' .. 62“ 15' 

The form 310; x { P 3 Naumann ; 1 3 0 Miller ; (P Brooke and Levy. 

Albitc North Polar distance 73“ 21' Longitude West IISPICT 

Christianite „ „ 73“ 42' „ „ 117® 21' 

Oligoclase „ „ 73“ 21' „ „ 119’ KT 

The form 2 1 0; x'P| 2 Naumann; 12 0 Miller; IP Brooke and Levy. 

Axinitc, South Polar distance 86“ 14' Longitude West Gl® V 

The form 2 10; x ]P 2 Naumann; 12 0 Miller; G^ Brooke and Levy. 

Blue Vitriol, South Polar distance 77® 47' Longitude West 104® 22' 

The form 120; x P j 2 Naumann ; 2 1 0 Miller ; Brooke and Levy. 

Babingtonite, North Polar distance 89“ 35' Longitude West 47° 10' 
Thcforml20; x jP 2 Naumann ; Tl 0 Miller ; G^ Brooke and Levy. 

Blue Vitriol, North Polar distance 87® 24' Longitude West IStPS' 
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Doubly Oblique Pxinn, Third Order.— The doubly oblique prism of the 
third order may be 
drawn by pricking off 
the points Dj, Hj, 

D-i* ^2* Ha^andGa 
from Fig. 346, and 
joining them as in 
Fig. 352. It is simi- 
lar in form, but differs 
both in magnitude and 
position, from that of 
the first order. It 
may be regarded as 
composed of three 
forms, each consisting of two parallel faces, 
of the macro-pinacoid. 



Fiff. 352. 

n, G.^ and Gj C.j H 2 are the faces 


The faces of both the other forms cut the axes F.^ (Fig. 346), Tj T^ 
at the extremities of their parameters, and are parallel to the third axis M.^. 


The symbol for the form whose faces arc II^ G| and G 2 C 2 D 2 is 1 oo 1 ; 

00 Naumann ; 1 0 1 Miller ; F^ Brooke and Levy. 

The symbol for the form whose faces are Dj Cj II 2 Gj and Hi Gi C 2 Dg is T 00 1 ; 
00 Naumann; 10 1 Miller; B* Brooke and Levy. 


The form 1 00 1 ; ^P^ 00 Naumann ; 1 

Albite Nortb Polar distance 
Axiitite 
Blue Vitriol 
Christianitc 
Oligoclase 
SasBolino 


0 1 Miller ; F‘ Brooke and Levy, occurs in 

r»2’37' Longitude West 3’ 8' 

66’ 55' West 12*36' 

29*42' East 7* 4' 

51*33' East 1*19* 

52*37' West 3® 8' 

24* 21' East 0® 18' 


Axinite has an imperfect cleavage parallel to this form. 

The form 1 00 1 ; oo Naumann ; 1 0 1 Miller ; Brooke and Levy. 


Blue Vitriol North Polar distance 20’ 27' Ix>ngitude East 187' 4' 
Sassoline „ „ 30’ 28* „ West 179 42* 


Deiiwed Doubly Oblique PxLnuB of the Third Order. — By making 
OP^ and OPo in Fig. 346, m times the parameter OP (Fig. 342), and from the figure so 
altercd'obtaining a prism of the third order, another series of doubly oblique prisms similar 
in form and position, but differing in magnitude from Fig. 352, may be derived, m 
may be any whole number or fraction greater or less than unity. • 

iSyinJofo.— The symbol for the form whose faces are Ci Hi Gi and H^ C 3 D 2 , is 

^ L 

1 00 m ; 01 iPi 00 Naumann ; m 0 1 Miller ; F*'» Brooke and Levy. 

The symbol fur the form whose faces are Dj d. Hg G^ and Hj Gi C., Dg, is 1 00 m ; 
m • 1 ’. 00 Naumann ; f» 0 1 Miller ; Bm Brooke and Levy. 

The form 1 00 j ^ iP^ 00 Naumann ; 2 0 3 Miller ; F^ Brooke and Levy. 

Christianite North Polar distance 34* 48' Longitude East 1* 19* 
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DOUBLY OBLIQUE PRISMS, FOURTH ORDER. 


The form 1 oo 2 ; 2 oo Naumann ; 2 0 1 Miller ; Brooke and Levy. 


Albite 

North Polar distance 

82° 25' 

Longitude West 

3° 

8' 

Blue Vitriol 



57° Ifi' 

„ East 

7° 

4' 

Christianite 



81° 31' 

„ Bast 

1° 

19' 

Labradorite 



82“ 25' 

„ West 

s» 

8' 

Oligoclaso 

IS 

ft 

82° 25' 

„ West 

8° 

8' 


The form 1 oo 2 ; 2 oo Naymann; 2 0 1 Miller; Brooke and Levy. 
Cliristianite North Polar distence 41^ 14' Longitude West 178° 41' 

The form 1 oo 3 ; 3j P' oo Naumann ; 3 0 1 Miller ; Brooke and Levy. 
Blue Vitriol North Polar distance 74° 42' Longitude East 7° 4' 


Doubly Oblique Fxisin of the Fourth Order.- By pricking off the points 

^ 19 ®* 2 * ® 2 » 

and Gj from Fig. 346, 
and joining them as in 
Fig. 353, a doubly ob- 
lique prism of the fourth 
order may be derived, 
similar in form but dif- 
fci ing in magnitude and 
position from that of 
the first order. This 
prism is a combination 
of three forms, each 
consisting of a pair of 
parallel faces. Fj Hj Fg Gj and B, Kj are regarded as faces of the hrachy-pina- 
eoids^ being parallel to the axes P^ Pj and Mj M* (Fig. 346). 

Symbols,— The faces of both the other forms cut the axes Pj Pjj, Mj M.„ at the 
extremities of their parameters, and arc parallel to the third axis T^ T^ (Fig. 346). 

The symbol for the form whose faces aro Bj F^ IIj G. and IIj G^ F, is co 1 1 ; 
^P‘ oo Naumann ; 0 1 1 MiUcr ; D' Brooke and Levy. 

The symbol for the form whose faces are B, Fj U.j and Gg Uj Fg Bg is co 1 1 ; 
jl’i CO Naumann ; 0 1 1 Miller ; Brooke and Levy. 

The form oo 1 1 ; oo Naumann ; 0 1 IMiller ; Brooke and Levy, occurs in — 
Axinite North polar distance 44° 42' Jx>ngitade West 90° O' 

Babingtonite „ „ 29’ 3'/ „ „ 90° O' 

Blue Vitriol „ „ 50° 2»' „ „ 90’ 0' 

Axinite has a cleavage parallel to this form. 

The form oo 1 1 ; ^Pf oo Naumann ; 0 1 1 Miller ; Brooke and Levy. 

Axinite South polar distance 44’ 48' Longitude Weift 90° O' 

Dexiwed Doubly Oblique Fzisms of the Fourth Older.— By making OP^ 
and OPg (Fig. 346) m times the parameter OP (Fig. 342), where^ may bo any whole 
number or fraction greater or less than unity ; and from Fig. 346, so altered, obtaining 
a prism of the fourth order, a series of prisms may bo derived, similar in form and 
position, but differing in magnitude from Fig. 353. 

Symbols , — ^The symbol for the form whoso faces aro B^ F^ IIi Gg and llg GJ Fn Bo, 

— i 

is oo 1 f/r; f» ^Pi oo Naumann ; 0 fn 1 Miller ; D”* Brooke and Levy. 




DOUBLY OBLiaUB OCTAHEDRON. 


Tho symbol for the form whose faces are F| llo and B 2 , is « 1 m ; 

GO Naumann ; 0 w 1 Miller ; O'" Brooke and Lcyy. 

i 'P' 00 Naumann ; 0 1 2 Miller ; D- Brooke and Levy. 

Axinito North polar distance 2(P 21' Longitude West 90^ 0' 

The form 00 1 2 ; 2 'P' 00 Naumann ; 0 2 1 Miller; Brooko and Levy. 

Alhite North polar distance 42° 34' Longitude West 90^ 0' 

Christiaiiite 42° 38' „ „ 90' O' 

Oligoclase 42' 34' 90' 0' 

Tlic form 00 1 2 2 00 Naumann ; 0 2 1 Miller ; Brooke and Le'ty. 

Albite North polar distance 40' 5' longitude East 00' 0' 

Christianito 40' 47 90' 

Oligoclase ,1 40' 5' 00° 

SMbly Obllqiie Octahedron. — ^Thc' douhlt/ oblique octahedron^ or the trichnoJie^ 
drk pyramidy is a solid bounded by eight 
scalene triangles. These triangular faces 
are only equal and similar to each other 
in pairs ; every face, such as Pj Mj Ti 
(Fig. 364), having a similar and equal _ 

face, Pa Mj Ta, parallel to it. This solid If " ~ ^ 

may be regarded as a combination of ^ 

four open forms, each form consisting of ^ 

a pair of similar and parallel faces. 

These forms arc called ietarto-pyramidsy ' '* ‘ 

and can only appear in combination with other forms. 

To draw the doubly oblique octahedron*— VTit\i off from Fig. 316 the points P^, P., , 
Ml, Ma, Ti and Ta, and join them as in Fig. 361. 

Axes, — The axes of the doubly oblique or anorthic system join the points Pj P.^, 
Ml Mo, and Ti T.. (Fig. 364). 

Symbols , — ^Every face of tho doubly oblique octahedron cuts the Gircc axes P^ P.>y 
Ml M.^, and Tj T.^ at the extremities of their parameters. 

Tho symbol for tho form whoso faces arc P, M^ Tj and Tn M-j T. is 1 1 1 ; 
pi Naumann ; 1 1 1 Miller ; Qi Brooke and Levy. 

The symbol for the form whose faces arc Pi M^ T.^ and Po M.^ T^ is 1 1 1 ; 
ip Naumann ; 1 1 1 MiUcr ; Brooke and Levy. 

Tho symbol for tho form whose faces are P^ M.^, Ty and Pg is 111; 

Pi Naumann ; 1 1 I Miller ; Brooko and Levy. 

The symbol for tho form whoso faces arc Pi My Tj and P T. is 1 1 1 
iP Naumann ; 1 1 1 Miller ; Ji Brooke and Lev}'. 

P To describe a Net for the Doubly Oblique^ Octahedron*^ 

Lot a, iS, and y bo the three angular elcmeiits given under 
j N. those letters for a particular substance (page 158), whose 

/ N. potahedron is to be constructed. 

^ — ^ Draw two lines OMi, OPi (Fig. 356), making the 

* angle a, with each other, produce OMi to Mg, make 
' to the parameter OM (Fig. 342) 

constructed for the particular substance, and OPi equal to the parameter OP (Fig, 342). 
Join Pi Ml and Pi M 2 . 


INORGANIC NATURE.— No, XVI. 
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NET FOR DOUBLY OBLIQUE OCTAHEDRON. 


Draw OPi, OTi (Pig. 356), making the angle iS with each other, produce OTj to Tj, 
make OTj and OTj equal to OT (Fig. 342), and OPi equal to OP (Fig. 342). Join 
Pj Tj and Pj T-j, ■ 


Fig. 356. 


Fig. 357. 


Also draw OT, and OM, (Fig. 357), making the angle y with each other, produce 

OTi to Tn, make OT^ and OTo equal to 
OT (Fig. 342), and OM, equal to OM 
(Fig. 342). Join M, and M, Tj. 

Then Pig. 358, draw M, T, equal 
to M, Ti (Fig. 357), on it constnict 
the triangle P^ T, having its side 
M, P, equal M, P, (Fig. 355), and the 
remaining side P^ equal P, T, (Fig. 
356). 

On Pi jVr, construct the triangle 
Pj Tg Ml, having M, Tg equal Tg 
(Pig. 357) and 1\ Tg equal to Pj Tg 
(Fig. 356). 

On Pi Tg construct tho triangle 
Pi Tg Mg having Tg Mg equal Ti M, 
(Fig. 357) and Pj Mg equal P, M.» 
(Fig. 355). 

On Pi Mg construct tho triangle 
Pi Mg Tg having Mg Tg equal Mi T., 
(Fig. 357) and P, Tg equal P, T, 
(Fig. 356). 

Then construct four other triangles 
equal and similar to each of these, and arrange them as in Fig. 358, and tho net will 
bo described. 

The form 111; P^ Naumann ; 111 Miller ; 0^ Brooke and Levy, has been 
observed in 

North Polar distance 



Albite 

Axinitc 

Christianite 

Oligoclase 

SasBoline 


54» 44' 
64® 57' 
54® 22' 
54® 44' 
41® & 


Longitude West 


33® 50' 
45® 41' 
31® 33' 
33® 50' 
59® 6r 


The form ill; ^P Naumann ; 1 1 I Miller ; Brooke atid Levy. 
North Polar distance 


Axinite 
Blue Vitriol 
Christianite 
Sassoline 


50® 36' Longitude West 150® 1' 
48® 51' „ „ IKP 24' 

45® 14' „ „ 146® 35' 

48® O' „ ;; 119® 55' 


The form 111; Pi Naumann ; 1 1 1 Miller ; Brooke and Levy. 

Sassoline North Polar distance 50® ST Longitude East 120® 54r 


DERIVED DOUBLY OBLIQUE OCTAHEDRON. 
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The form 111; iP Naumann ; 1 1 1 Miller ; 1^ Brooke and Lovy. 


Albite North Polar diatance 

Axinite South ,, ,, 

Chrlstianito North „ „ 

Oligoolaae North „ 

Saaaoline North „ „ 


570 87' Longitude Eaat 200 16' 

60® O' „ West 150® 1' 

58® 10* „ East 330 2.V 

57° 37' „ East 200 16' 

42° 51' „ East 60° 5' 


EUmmU of the Anorthic Syotom, — Five of the angular elements given in 
page 458 are necessary for the construction of any of the forms of the anorthic system ; 
a is the inclination of the axis 0P| (Fig. 340) to OMi, of the axis OP^ to 0T„ 
and 7 of the axis OM^ to OT^ ; A is tho inclination of the plane P^ OT^ to the plane 
M| OTj ; B is the inclination of the piano P| OM, to the plane OTi ; and e is the 
inclination of tho plane P^ 0 M| to the plane P| 0 T| ; the remaining elements 8 and e 
depend upon tho ratios which the unequal parameters OP^, OM^ and OT^ bear to 
each other. 

Bexiwed Doubly Oblique Octabedxons.— By making 01\ and OP 2 equal 
to m times the parameter OP (Fig. 342) where m may ho any whole number or 
fraction greater, equal to, or less than unity ; and OT^ and OTo equal to n times the 
parameter OT (Fig. 342), where n is any whole number or fraction greater than unity, 
wc may from Fig. 342 so Altered derive a series of doubly oblique octahedrons, whose 
general symbol will bo n 1 m. By making OM^ and OM 2 equal to n times OM 
(Fig. 342) instead of OT^ n times OT^, wo may obtain another scries of octahedrons 
whose general symbol will be 1 n m. 


Symbols for tho Form eompositig the Derioed Octahedrons, 

The symbols for the form 1 1 m are m P^ Naumann \ m ml Miller 5 0 ”‘ Brooke 
and Levy. 

For tho form I 1 in , m ^P Naumann \ mm \ Miller ; Brooke and Levy. 

For the form llmi iP Naumann ; m m 1 Miller ; 1"* Brooko and Levy. 

For the form 11 m; m Pj Naumann ; m m 1 Miller ; A”* Brooke and Levy. 

For the form I nl \ n Naumann \ nln Miller ; Brooke and Levy. 

For the form 1 n 1 'P n Naumann ; ri 1 ;» '.Miller; Brooko and Levy. • 

For tho form 1 1 iP n Naumann ; i n Miller ; , J Brooke and Levy. 

For the form 1 n 1 P^ n Naumann ; nl n Miller ; ^A Brooko and Levy. 

For the form m 1 1 pi n Naumann ; I nn Miller ; 0,, Brooke and Lovy. 

For tho form » 1 1 'P w Naumann \ i nn Miller ; Brooko and Levy. 

For the form w i 1 jP « Naumann \ Inn Miller ; I,, Brooke and Levy. 

For tho form nil Pj « Naumann ; I nu Hiller ; A,» Brooke and Lyvy. 

For the form I nm m pi » Naumann ; hkl Miller; F^ Brooke and Lovy. 

• LI* 

For the form 1 n m m ^P' n Naumann ; 7^ Jb I Miller ; B^ G< Brooko and Lovy. 
^ 111 

For the form 1 n m m ^P n Naumann \h kl Miller ; F^ C* GK Brooke and Levy. 

• w iiL 

For the form 1 » m fit Pi fi Naumann ; A 7 Miller ; B^ Brooke and Levy. 

- 1 1 ' 

For the form n 1 m m P^ » Naumann \hkl Miller ; F^ IP Brooke and Levy. 
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For the form » 1 m ; m n Naumann \ \hl Miller ; Brooke and Levy. 

Ill 

For theformn i m; m ^P n Naumatm ; A A 2 MUler ; C* Q< Brooke and Levy. 

Ill 

For the form n 1 m m P^ m Naumann \hkl Miller ; B* W Brooke and Levy. 
The relation between the symbols A A I, and 1 n m, is that the former are the 
numerators of the reciprocals Of the latter reduced to a common denominator. 

The form 1 1 i J P^ Naumann ; 1 1 2^iller ; 0^ Brooke and Levy occurs in 
Albito North Polar distance 29^5(r I^ongitude West 83'* SO' 

The form 1 1 i ^ iP Naumann ; 1 1 2 MiUor ; Brooke and Levy. 

Albite North Polar distance 29^55' Longitude East 29^16' 

Axinite South „ „ 38° 4' „ West 150« V 

The form 1 1 2 ; 2 ^P Naumann ; 2 ll 1 MBler ; P Brooke and Levy. 

Christianite North Polar distance SS'* 7' Longitude East 33° 2;V 

OUgoclase South „ „ 85^17' „ 29° 16* 

The form 13 3 ; 3 pi 3 Naumann ; 3 1 1 Miller ; F^ Brooke and Levy. 

Blue Vitriol North Polar distance 86^23* Longitude West 2(P51' 

The form 12 2; 2 >P 2 Naumann ; 2 1 1 Miller , B^ Brooke and Levy. 

Blue Vitriol North Polar distance Sl'^ 1' Longitude West ISS** 5* 

The form 12 2; 2 ^P 2 Naumann ; 2 1 1 Miller ; F^ G^ G^ Brooke and.Levy. 
Axinite South Polar distance 73^ 27' Longitude West 169^ 59* 

The form 2 14 ; 4 P^ 2 Naumann ; 2 4 1 Miller ; F^ Brooke and Levy. 
Christianite North Polar distance 81<*28* Longitude West 5r21* 

The form 2 i 4 ; 4 ^P 2 Naumann ; 2 4 1 MiUer ; F^ G^ Brooke and Levy. 
Christianite North Polar distance 88^ 4* Longitude East 55° 22* 

The form 2 12; 2 P^ 2 Naumann ; 1 2 1 Miller ; F^ 11 ^ Brooke and Lcv}^ 
Axinite North Polar distance 72^ 9' Longitude West 01° 17* 

The form 3 13 ; 3 P 3 Naumann ; 1 3 1 Miller ; D' F^ Brooko and Levy. 
Axinite North Polar distance 76° 34* Longitude West 69° 8* 

* 2b determine the poeition of the poles of any form on the sphere of projection , — ^If A, k 
and I be Miller’s symbols for any face, and \ the north polar ^stance of the polo of one 
of its faees on the sphere of projection, and p the longitude of that pole, west irom the 
point where the axis 0 T^ cuts the sphere, the point where the axis 0 Z cuts the 
sphcroi or the pole of the faoo oo oo 1, being taken as the north pole of the s^ere. 

tan ^ ^ y ^ ^ =z A cos (45 9) cot 3 cosed y sec 45 sec ^ 
tan ^ cos j 9 tan € q^’szl cos (45 $) cot s cosec jS sec 45 sec 0 

tan cos A r = / cos (45 + ^) coseo A sec 45 sec iff 


tan/i = ^ tan\=:-sec/i 

A r ^ 

‘When A = 0 and A = e then g=:o; when A = 0 and I = 0 then = 0 ; and 
when F = e and ^ = e, then r = e. 5 , ^ and ^ are subsidiary angles. 
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of the other by roYolving through two right angles 
to a plane, which cithe» is, or may be, a 
face of cither crystal. From this property, 
twin crystals arc called kmitrope crystaUy by 
Ilaiiy. 

llio axis about which the crystals arc 
supposed to rcYolvo is called the twin axis, 
and the plane to which it is perpendicular 
the twin plane. 

Twin Ctystalof the Oetahedrm about the 
Octahedral Axis . — If we bisect the edges P, P 4 
(Fig. 361), Pi Pfi, P 5 P 2 , Pa P«, P 3 P« and 



P 3 V^ oi the octahedron P^ P* P^, by the points a^, a^y 03 , a^y a^ and a^y and join these 



points; then suppose the 
octahedron cut in half by 
a plane passing through 

^3 ^3 ^4 ^3 ^ 6 ) 

axis or pin passed through 
the centre of the octahedron 
perpendicular to the plane 
aia^a^. Thisaxisiwill 
correspond to the octahedral 
axis A 2 As (Fig. 17), if the 
octahedron 1 )^ inscribed in 
a cube, as in Fig. 21. 

Lot nowthe lowerportion 
of the octahedron bo sepa- 
rated firouL tho upper and 
madetoreYolvo through an 
angle of 180% round the 
axis A 2 A 3 , tUlit CQBaei sne- 


Vig. 363. 
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cessively into the position shown in Figs. 360 and 359 ; and a twin crystal will be 
formed. The plane &c. is the twin plane, and the lino A2 A,, which is per- 

^ pendiculor to it, the twin axis. 

This twin crystal is of fre- 
quent occurrence among crys- 

A3 tala of the diamond and the 

spinelle ruby. 

Twin Crystal of the Cube 
' I \ Octahedral Axis . — 

I bisecting the edges of the 

cube A4 A3 (Fig. 362 ), A^ A4, 
"A Aj A5, A5 Ag, Ag Aj, Ay A3, 

// \ in the points a^ and 

X ' £ig ; making a section of it by a 

^ j plane passing through these 

I / points, and causing the lower 

''"-'-J/ section to revolve through an 

angle of 180 ® round the axis 
Tig, 363. A 2 Ag, when it will come into 

the position indicated in Fig. 363 , we shall obtain a twin crystal of the cube. 

The twin crystal of the octahedron (Fig. 361 ), and of the cube (Fig. 363 ), present 
cases of some of the faces being inclmcd to each other at re-entering angles. This is a 
general characteristic of twin crystals ; though there are instances, of which the twin 



Tig. SGI. Fier. 363. 


of the rhombic dodecahedron is one, where the twins aiu united without producing re- 
entering angles. 

Huin Crystals of the Rho^nhic Dodecalwdron about the Octahedral Axis . — ^Takc points 
02 03 and 114 on the edges of the rhombic dodecahedron (Fig. 365 ), such that O4 0^ is 
one-third of O4 ; a.^ one-third of P5 Oj; O5 03 one-third of O5 P,, and Og 04 one- 

third of Og 1^ ; join 03 0s and draw 0| og parallel to 03 04, 0g 05 to 03 03, and 
0g 04 to 01 02* The plane passing through a^ a,^ 03 &c., 09 will be perpendicular to the 
octahedral axis Ag Ag ; a section being made through this plane and the lower part of 
the rhombic dodecahedron made to revolve about the axis Ag Ag until it comes into 
the position (Fig. 364 ), a twin crystal will be formed, which has no re-entering 
angles. , 

It is not essential that the members of a twin crystal should be exactly the half 
of the form from which they are derived. Thus two sections of the octahedron, similar 
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to that shown in Figt 11, may bo united to form a twin. Sometimes the two members 
of the twin may both be completely formed, so as to produce the appearance of two 
crystals penetrating one another. Thus Fig. 366 represents each cube in Fig. 363 



Fig. 3t56. Fig. 367. 

completed, and forming, it were, two cubes penetrating each other. This form of 
twin crystal is frequently found in fluor spar and iron pyrites. 

Fig. 367 represents two octahedrons of fahlcrz, or gray copper ore, intersecting 
each other, and forming a twin crystal. 


Nets for Twin OryniaU of tlw Octahedron. 





Fig. 370. 


Prick off the points P# P^ 0 ^ B4 from Fig. 22 ; join P^ P„ P* Pg, P^ P^ and 
B4 Bi, then one triangle similar and equal to P| P5 P2, three equal to P^ B4 B| and 
three trapeziums similar and equal to B^ B4 P5 P2, and 
a regular hexagon haying its sides equal to B^ B4 
arranged as in Fig. 369 ; will form the net for one 
member of the twin; the axis will pass through the 
point Oi of the triangle P^ P5 P, and the centre of the 
hexagonal face. 

Net for the Twin Crystal of the Bhombic Dodecahedron. 

—Draw the rhomb Pj 0 ^ O2 P2 (Fig. 370 ) similar and 
equal to the rhomb (Fig. 30 ). Through B| the centre 
of the rhomb draw the line B^ a^ perpendicular to 
P4 O2 or P2* Then thred rhombs similar and equal to Pj O2 P2 0 ^; six trapeziums 
similfu: and equal to P^ 0^ <12 ^i> 9^4 a regular hexagon having its sides equal to 
ai as in Fig. 371 , will form a net for one member of the twin. The 

twin axis will pass through the point where the three rhombs meet, and the centre of 
the hexagonal face. . 
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When the crystallographic axes of the two members of the twin crystal are parallel 
to each, other, as in the ease of tho twin, Fig. 367, so that the cleavages of the one are 
parallel to or continued one into the other without inteiTuption ; wo cannot determine 
with certainty whether such crystals are to .be considered as twins, or only single 
crystals whoso facel are repeated with a certain degree of regularity. Thus it is 
doubtful whether Fig. 367 is a twin, or a regular combination of tho positive and 
negative tetrahedrons, Figs. 92 and 93. 

In pyrites the positive and negative pentagonal dodecahedrons, Figs. 113 and 114, 
and in the diamond the positive and negative six-faced tett^edrons. Figs. 107 and 108, 
are united together in a similar manner, forming doubtful twins. 

Tain Crystals^ Cubical System, 

Twin face parallel to a face of the octahedron. 

Alabandine Diamond Galena 

Blende Fahlerz Gold 

Bornite Fluor Liiincite 

Copper Gahnito Magnetite 

Twin face parallel to a face of the rhombic dodecahedron. 

Diamond Eulytine Fahlerz 

Twin Crystals Pyramidal System, 

Twin face parallel to a face of the square prism 1 w oo . 

To'wanite 

Twin face parallel to a face of the square prism 1 1 co . 

Sclieelite 

Twin face parallel to a face of tho pyramid I qo 1. 

Casslterite • Fanjasite Rutile Scheclite Towanite 

Twin face parallel to a face of tho pyramid 1 oo 3. 

Rutile 

Twin face parallel to a face of the pyramid 111. 

Hansmunnito Tin Towanite 

Twin face parallel to a face of tho pyramid 113. 

Tin 



Spinellc 

Tennanlitc 

Pyrite 


Twin Crystals Rliomhohedral System, 

Twin face parallel to a face of tho basal pinacoid oo oo 1, 
Ankeritc Ciniiub.*ir llcmatite 

Calcite Dolomite llmenite 

Chabasitc Ginelinito Ice 


LcTino 

Pyrargyrite 

Quartz 


Twin face parallel to a face of tho hexagonal prism of the second order 1 1 oo . 
Phenakite 


Twin face parallel to a face of tho six-faced pyramid of the first order 12 1. 
Quartz 

Twin face parallel to a face of tho positive rhomboid + E. 

Calcite * Corundum Hematite Quartz Pyrargyrite 

Twin face parallel to a face of the positive rhomboid ^ E. 

Tetradymito Pyrargyrite 

Twin face parallel to a faco of tho negativo rhomboid ) B. 

Ankcrite Bipmuth Chalybito 

Arsenic Calcite Dioptaae c 

Twin face parallel to a faco of the negativo rhomboid — 2 B. 

Calcite 
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The following figures show some of the beautiful forms assumed by twin crystals 
of ice or snow. 



Twin Crystals — Prismatie System, 

Twin-face parallel to a faco of the macro-pinacoid oo 1 oo. 

Wolfram. 

Twin-faco parallel to a face ‘of the brachy-pinacoid 1 co oo. 

Struvite. 

Twin-face parallel to a faco of tho prism of tho 1st order 1 1 oo. 

Aldtonite. Epistilbitc. Phillipsite. Stromeyerite 

Antimonsilber. Glascrite. Redruthite. Sulphur. 

Aragonite. Harmotome. Stcrnbergitc. Witherite. 

Eournouite. Marcaaitc. Stephan ite. Zinckenite. 

CeruBsite. Mispickel. Strontiunito. 

Twin-face parallel to a faco of tho prism of tho 2nd order 1 oo 1. 

Chrysoberyl. Leadhillite. Manganite. 

Twin-face parallel to a fieico of the prism of the 2nd order 1 oo f . 

Staurolite. 

Twin-face parallel to a faco of the prism of the 2nd order 1 oo 2. 

Niobite. 

Tvnn-facc parallel to a face of tho prism of the 2nd order 1 oo 
Wolfram. 

Twin-face parallel to a face of the prism of tho 3rd order oo 1 1. 

Marcasitc. Mispickel. Smithsonite. Stilbitc. 

Twin-face parallel to a face of tho pyramid cf tho let class 1 1 

Redruthite. Stromeyerite. 

Twin-face parallel to a face of the pyramid of the 2nd class 1 J 
staurolite. 

Twin Crystals^ Obliqua Syste^n, 

Twin-face parallel to a face of the basal pinaooid oo oo 1. 

Epidote. Felspar. Mirabilite. Sphene. 

Tvyin-faco parallel to a face of tho ortho-pinacoid 1 oo go. 

Acmite. Felspar. Gypsum. Rhyaeolite. 

Amphibole. Feuerblende. Linarite. Scoiezite. 

Audte. Freiedebenite. Malachite. Yaaqnelinite. 

Epidote.* 
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Twin-face parallel to a face of tlie prism 3 1 oo. 

Felspar. 

Twin-face parallel to a face of the prism 1 od 1. 

Chessylite. Oypsnm. Natron. Spbene. WhewelUte. 

Twin-face parallel to a face of the prism 1 oo 2. 

Humite. 

Twin-face parallel to a face of the prism oo 1 1 . 

Woolastonite. 

Twin-face parallel to a face of the prism oo 1 2. 

Felspar. Bhyacolite. 

Twin Cry^taU — Anorthic System. 

Twin-face parallel to a face of the hasal-pinacoid oo oo 1. 

Labradoritc. 

Twin-face parallel to a face of the macro-pinacoid go I oo. 

Albite. Christianite. Labradorite. Ollgoclase. 

Twin-axis perpendicular to the plane passing through the poles of the forms 1 1 oo, 
GO 1 GO, and 1 1 oo. 

Albite. 

Twin-axis perpendicular to a face of the plane passing through the poles of the 
forms 00 00 1, 1 00 and 1 oo 2. 

Albite. Oli^oclase. 

Twin-axis perpendicular to a face of the plane passing through the poles of the 

forms 1 00 00, 1 1 00, and I 1 oo. 

Sassoline. 


PaeudomoxphoiiB Cry8tal8.-^P8eudomorphous crystals are those which pre- 
sent the form of a mineral differing from that of which they are composed. They 
may be produced by the decomposition of the crystal after it has been formed, or by 
another substance being deposited upon it so as to assume its form. Sometimes after 
another substance has been deposited on a crystal, the crystal may have been remoTcd, 
and a third mineral deposited in its cast. 

The following is a list of pseudomorphous substances quoted by Professor MiUer 
from Blum : — 

Fsettdomorphous by Loss of an Ingrtdimt. 


Calcite 
Quartz 
Kyanite . 
Steatite . 
Copper . 
Argentite • 


replacing oryetals of 


ft 

»• 


» 


Gaylussite. 

llculandite and Stilbitc. 
Andalusite. 

Amphibole. 

Cuprite. 

Fyrargyrite. 


Pse/adomofphim by the Addition of an Ingredient. 


Gypsum • 

Mica 

Yalentinite 
Anglesite . 

Hematite • 

Limonite • 

Maluohite . 

Bornlte and Towanlte 


replacing crystals of 


Karstenite. 

Finite. 

Antimony. 

Galena. 

Magnetite. 

Hematite. 

Cuprite. 

Bedruthite. 
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Fluor and Gypsum . • 

Calclie 

Magnesite . . • . 

Calcedony .... 

JaspeT • ■ ■ • a 

Opal and Cimolite . 

Lithomarge .... 

Kaolin a a • a a 

Mica a a a a a 

Mica, Hardfahlunite, Aspasio- 
lite, Fahlunite, Esmarkite, 
Bonsdorfflte, Chlorophyl- 
lite, Weiasite, Plaseolitc, 
Pyrargillitc, Gigantollite, 
and Pinito .... 

Prehnite 

Talc 


Serpentine . • • 

Amphibole .... 

Chlorite 

Pjroluaite, IXausmannite, Man- 
ganite, Valentinitc, Stibiolitc, 
and Kermes .... 
Wiamuthocker 

Minium 

Galena 

Pyromorphito .... 

Ccrusaite 

VTulfenite .... 

Magnetite «... 

Hematite 

Limonite 

Stilpnosiderite 

Pyrite 

Melanterite .... 

Grttnerde .... 

Pseudotriplite 

Wolfram 

Erythrinc .... 

Kupfersch^arze 

Kupferpecherz 

Coveline ..... 
Malachite .... 

Chessylite ‘ • 


Fmtdomrphous by Exchange of Ingredients, 

a replacing crystals of Wilherite and Barytocalcite. 


Calcite. 

Gypsum. 

Calcite. 

Datholite. 

Amphibole. 

Augite. 

Topaz, Felspar, and Nepheline. 

Felspar, Porzellanspatb, and Leucite. 
Andalusite, Felspar, Scapolite, and Tourmaline. 


Cordierite. 


Analcine, Mesotype, and Leonhardite. 
f Chiastolitc, Kyanite, Conzoranite, Felspar, 
{ and Pyrope. 

! Magnesite, Spinelle, Quartz, Andalusite, 
Chiastolite, Topaz, Felspar, Mica, Scapo- 
lite, Tourmaline, Staurolito, Garnet, 
Idocrasc, and Augite. 

( Spinelle, Mica, Garnet, Augite, Chondroditc, 
) Amphibole, and Olivine. 

Augite. 

Felspar, Garnet, and Amphibole. 


I Antimonite. 


Patrinite. 

Galena and Ccrussitc. 

Pyromorphitc. 

Galena and Cerussitc. 

Galena, Anglesitc, Leadhillite. 

Galena. 

Chalybite. 

iQuthite, Pyrite, Pharmacosiderite, and 
I Cbalybite. 

Marcasite, Skoroditc, and Chalybite. 
Yivianite. 

Mispickel. 

Pyrite. 

Augite. 

Triphyline. 

Scheelite. 

Smaltite. 

Bedruthite. 

Towanite, and Fahlerz. 

Towanite. 

Chessylite, Towanite, and Fahlerz. 

Fablers. 


Graphite . . replocii 

Salt . a a . a 

Karstenite, Gypsum, and Po< 
lyhalite 


Prasen and Elsenkiesel . 

Chalcedony 

Camelian 


PseudemoryAous by total Cfuinge of Substance. 

. replacing crystals of Pyrite. 


Aornstone 
Semiopal . 
Lithomarge 
Pyrite . 


{ BiffTte, Fluor, OTpsnm, Coloite, Barytooal. 
cite. Magnesite, Scheelite, Galena, Cerus- 
site. Hematite, Pyrite, and Chalybite. 
Calcite. 

(Baryte, Fluor, Calcite, Magnesite, and 
• Pyromorphite. 

CSalcite. 

Fluor, Calcite, Mica, and Chalybite. 

Calcite. 

Fluor. 

Quartz, Stephanite, and Pyrargyrite. 
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Marcarite 
Chalybito 
Malachite 
CrTBOcolla 
Foldstine, Mcci 
Pyrolusitc 
Pyrolusito 
Hausmannito 
Psilomelanc 

SmithBonitc 

Kasslterlte 
Cerussite . 
StilpnoAideritc 
Hematite 

Limonitc 


and ^[angranite 


Pyril 

Marc 


ite 


iarcasite 


replacing crystals of Pyrargyrite. 

Baryte, Calcite, and Magnesite. 
Calcite and Cerussite. 

Cemssite. 


irschaum, 


and 


I Calcite. 

Magnesite. 

Calcite. 

Baryte, Fluor, and Pliarmacosiderite. 
(Fluor, Calcite, Magnesite, Galena, and 
i Pyromorphitc. 

Felspar. 

Baryte and Fluor. 

Magnesite and Calamine. 

Fluor and Calcite. 

( Baryte, Fluor, Calcite, Magnesite, Quartz, 
Comptonite, Blende, Galena, Pyromor- 
V phite, Cerussite, and Cuprite. 

Baryte and Calcite. 

Fluor and Calcite. 


Pseudomi'pltwn of dimorphous substances. 

Calcite . . . replacing crystals of Aragonite. 

Marcasite .... „ Pyrite. 

Pseudomorphism after organic form^ 


Calcite, Baryte, Celestine, Fluor, Gypsum, Quartz, Opal, Tale, Pyrite, Hematite, 
Limonite, Chalybite, Blende, Galena, Cerussite, Copper, Towanite, Bornite, Aed- 
ruthitc, and Cinnabar. 


Dimogphism. — Hodics of tho samo cKcmical composition, which crystallize in 
forms belonging to two different systems, or if in the same system in forms which 
can only be referred to two different sets of parameters, which will be indicated by 
their having different angular elements, arc said to bo dimorpluius. Sulphur and car- 
bonate of lime are instances of dimorphous substances, the system of crystallization to 
which each of these will belong seems to depend upon the temperature, at which the 
crystal is formed. Titanic acid is tri-morphous, as Brookite it is prismatic, as Anatasc 
and Butilo it is pyramidal, but the angular elements of Anatasc and Butile differ. 

iBomoTphism — Substances forming crystals belonging to tho same system, if 
their angular elements differ but a few minutes, are said to be isomorphoua^ homcemor- 
phofss^ or pUsiomorphous. Alumina, red oxide of iron, and oxide of chrome ; car- 
bonates of lime (calcite), of magnesia (magnesite), of protoxide of iron (chalybite), of 
protoxide of manganese (diallogitc), of oxide of zinc : antimony, bismuth, arsenic, 
and tellurium form three isomorphous groups of tho rhombohcdral system. Carbonate 
of lime (aragonite), of barytes, of strontian, and of oxide of lead ; Sulphate of potash, 
seleniatc of potash, chromate of potash, and manganate of potash ; sulphate of soda, 
sclcniato of soda, sulphate of oxide of silver, and scleniate of oxide of silTer, are three 
isomorphous groups of the prismatic system. Gypsum, sulphate of iron, and seleniatc 
of iron is an isomorphous group of tho oblique system. Seleniatc of oxide of copper, 
sulphate of oxide of copper, and sulphate of protoxide of manganese are isomorphous 
forms of tho anorthio system. 

Any chemical dements or compound substances which will replace each other with- 
out altering tho crystallographic character of the compound in which tho change takes 
place, are also said to be isomorphtm. Thus in the garnets and alums, iron, oUcium, 
magnesium, and aluminium replace each other, and are therefore said to be isomor- 
phous. 
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Ooniomoten. — Instruments which enable us to determine the angles at which 
adjacent ftces of crystals are inclined to each other, arc called gmimMters, Professor 
Miller's description of the method of using them having been given in the chemical 
department of this work, we here quote Mr, Brooke’s, from the “ Encyclopaedia Metro- 
politana:” — 

“ The mutual inclination of any two planes, as of o and 6, Pig. 372, is indicated 
by the angle formed by two lines, e d, a/, drawn upon them from any point e on 
the edge at which they meet, and perpendicular to that edge. 

« Now it is known that if two right Unes, osgfydhy Pig. 373 cross oach other 
at any point «, the opposite angles d e fy arc equal. If, therefore, the lines, 
gfydhym supposed to be very thin and narrow plates, and to be attached together 



Fig. 372. 



by a pin at s, serving ^^as an axis to permit tho point, fy to be brought nearer either to 
dy or to hy and that the edges, e dy efy oi thoso plates, arc applied to the planes of the 
crystal, Fig. 372, so as to rest upon the Unes, edytfy it is obvious that the angle, 
g e hy of the moveable plates would bo exactly equal to tho angle, d e fy of the 
crj'stal. 

“ The common goniometer is atmall instrument for measuring this angle, g e hy of 
the moveable plates. It consists of a semicircle, Fig. 374, divided into 360 equal 
parts, or half degrees, and a pair of moveable arms, d It, gf, Fig. 376, the semicircle 
having a pin at i, which fits into a hole in tho moveable arms at s. 

“ Tho method of using this instrument is to apply the edges, d c, efy of the move- 
able arms to tho two adjacent planes of any crystiii, so that they shall actually touch 
or rest upon those pianos in directum perpendicular to their edge. The arm, d hy is 




then to be laid on the plate, m n, of tho semicircle, Fig. 374, the hole ate being 
Budhaed to drop on the pin at t; and the edge nearest to h of the arm will then indi- 
cate on the eemicirde^ as in Fig. 876, the number of degrees which the measured 
angle contains. 
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When this instrument is applied to the planes of a crystal, the points, d and/, 
Fig. 375, should be preyioudy brought sufficiently near toge&er for the edges, de^ef^ 
to form a more acute angle than that about to be measured. The edges being then 
gently pressed upon the crystal, the points, d and/, will be gradually separated, until 
the edges coincide so accurately with the planes that no light con be perceived 
between them. 

The common goniometer is, however, incapable of affording very precise results, 
owing to the occasional imperfection of the planes of crystals, their frequent minute- 
ness, and the difficulty of applying tho instrument with the requisite degree of 
precision. 

The more perfect instrument, and one of the highest value to crystallography, is 
the reflecting goniometer, invented by Dr. Wollaston, which will give the inclination 
of planes whose area is less than looVoo of an inch, to less than a minute of a degree. 
This instrument has been less resorted to than might, from its importance to the 
science, have been expected, owing, perhaps, to an opinion of its use being attended 
with some difficulty. But the observance of simple rules will render its application 
easy. Tho principle of the instrument may be thus explained 

“ Let a 5, Fig. 377 represent a crystal, of which one plane only is visible in the 


-y .It /. 


Fig. 377. Fig. 378. 

flguro, attached to a circle, graduated on its edge, and moveable on its axis at o ; and 
let a and b mark tho position of the two planes whose mutual inclination is required. 

** And let the linos, o f , o y, represent imaginary lines, resting on those planes in 
directions perpendicular to their common edge, and the dots at % and A, some permanent 
marks in a line with the centre, o. ^ 

*^Let the circle bo in such a position that tho line, o 0 , would pass through the dot 
at A, if extended in that direction, as in Fig. 378. 

If the circle now be turned round with its attached crystal, as in Fig. 377, until 
the imaginary line, 0 y, is brought into the position of the lino, 0 e, in Fig. 378, tho 
number 120 will stand opposite the dot at t. This is the number of degrees at which 
the planes a dnd h inclino to each other. For if the line 0 y be extended in the 
direction 0 t, as in Fig. 377, it is obvious that the lines, 0 s, 0 s which are perpen- 
dicular to Iho common edge of the planes, a and 5, would intercept exactly 120° of 
the circle. 

« Hence an instrument constructed upon the principle of these diagrams is capablo 
of giving with accuracy the mutual inclination of any two planes whi^ reflect objects 
with sufficient distinctness, if the means can be found for placing them successively in 
tho relative positions shown in the two preceding figures. 


-ir 
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** This purpose is effected by causing au object, as the line at m (Fig. 379), to bo 
reflected successiyely from the two planes, a and d, at the same anglo. It is well 
known that the images of objects are reflected from bright planes at tho same angle 
as that at which Iheir rays fall on those planes ; and that when the imago of an 
object reflected from a horizontal piano is obseryed, it appears so much below the 
reflecting surface as the object itself is aboye. • 

If, therefore, the planes a and b (Fig. 379) are successiyely brought into 
such positions as will cause the reflection of the line at «m, from each plane, to 



Fig. 370. Fig. 380. 


appear to coincide with another lino at », both planes wiU bo successiyely placed in the 
relatiye positions of the corresponding planes in Figs. 377 and 378. To bring the 
planes of any crystal successiyely into these relatiye positions, tho following directions 
will be found useful. 

Tho instrument, as shown in the sketch (Fig. 380) should bo first placed on a 
pyramidal stand, and the stand on a small steady table, about six to ten or twelve feet 
from a flat window. Tho graduated circular plate should stand perpendicularly from 
the window, the pin GlI being horizontal, not in the direction of the axis, as it is 
usually figured, but with the slit end nearest to the eye. 

Place tho. crystal which is to be measured on the table, resting on one of the two 
planes whose incl^ation is required, and with the edge, at which those planes meet, 
nearest and parallel to the window. 

Attach a portion of wax, about the size of d*, to one side of a small brass plate, e 
(Fig. 381) ; lay the plate on the table with the edge, /, 
parallel to tho window, tho side to which the wax is 
attached being uppermost, and press the end of the wax 
' against the crys^ until it adheres ; then lift the plate 
with its attached crystal, and place it in tho tjlit of the pin 
GH, with that side uppermost which rested on the table. 
<< Bdng the eye now so noar the crystal, as, witWt perceiying tho crystal itself, to 
permit Ihe images of objects reflected from its planes to bo distinctly obseryed, and 
raise or lower that end of the pin GH which h as the small circular plate on it, until ono of 



Fig. 381. 
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the horizontal upper bars of the window is seen roflected from tho upper or first plane 
of the crystal, corresponding with the plane a (Fig. 377), and until the image of the 
bar appears to touch some line below the window, as the edge of tho skirting-board 
where it joins the fioor. 

Turn the pin GH on its own axis also, if necessary, until the reflected image of the 
bar of the window coincides accurately with the observed line below the window. 

Turn now the small circular handle, S, on its axis, until the same bar of the win- 
dow appears reflected from the second plane of tho crystal corresponding with plane h 
(Figs. 377 and 378), and until, it appears to touch the line below; and having, in 
adjusting the first plane, turned the pin GlI on its axis, to bring the reflected image of 
the bar of the window to coincide accurately with the line below, now move the lower 
end of the pin laterally, cither towards or from the instrument, in order to make tlic 
image of the same bar, reflected from the second plane, coincide with the same Hne 
below. 

“ Having ascertained by repeatedly looking at, and adjusting both planes, that the 
image of the horizontal bar, reflected successively from each plane, coincides with tho 
obscrA'cd lower line, the crystal may bo considered ready for measurement. 

Let the 180'* on tho graduated circle be now brought opposite the 0 of the vernier 
at L, by turning tho handle, M ; and while the circle is retained accurately in this 
position, bring the reflected image of tho bar from the first xdane to coincide with the 
lino below, by turning the small circular handle, S. Now turn the gi'aduatod circle, 
by means of the handle, M, until tho image of tho bar, reflected from the second plane, 
is also observed to coincide with the same line below. In this stale of the instrument 
the vernier at L will indicate the degrees and minutes at which the two planes arc 
inclined to each other. 

« The accuracy of the measurements taken with this instrument will depend upon 
tho precision with which the image of the bar, reflected successively from both planes, 
is made to appear to coincide with the same line below.; and also upon the 0, or the 
180‘', on the graduated circle, being made to stand precisely even with the lower lino 
of the vernier, when the first plane of the crystal is adjusted for measurement. A 
wire being placed horizontally between two upper bars of the window, and a black 
line of the same thickness being drawn parallel to it below the window, will contribute 
to the exactness of tho measurement, by being used instead of the bar of the wmdow' 
and any other line. 

Persons beginning to use this instrument arc recommended to apply it first to the 
measurement of fragments at least os large as that represented in Fig. 381, and of some 
substance whose planes are bright. Crybtals of carbonate of lime will supply good 
fragments for this purpose, if they arc merely broken by a slight blow of a small 
hammer. 

For accurate measurement, however, the fragments ought not, when the planes 
are bright, to i^ceed the size of that shown in Fig. 380, and they ought to be so placed 
on the instrument, that a lino passing through its axis should also pass through the 
centra of tho small minute fragment which is to be measured. This position on the 
instrument ought also to be attended to when the fragments of crystal are large. In 
which case the common edge of the two planes, whose inclination is required, should 
be brought very nearly to coincide with the axis of the goniometer; and if is fre- 
quently useful to blacken the whole of the planes to be measured, except a narrow 
stripe on each close to the edge over which tho measurement is to be taken." 
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MmEEALOGY. 

The science 'whicli enables us to classify and arrange those inorganic productionB 
of nature which are called minerals, and enables us to identify or diatingui^ them 
from one another, is termed mineralogy, 

Uinexal. — By the word mineral we understand all substances found in nature, 
which are homogeneous or of the same composition throughout their structure, and do 
not owe their origin to the action of animal or yegctablo life. This definition excludes 
all rocks which are yariablo in their character and composition, as well as all sub- 
stances, such as coal, which arc products of yegetable life. Some of these are retained 
in most descriptions of minerals though they do not strictly belong to the subject of 
mineralogy. 

Species of Kinexals.— The various members of the mineral kingdom which 
essentially differ from one another are divided into kinds or species. By far the 
majority of mineral substances arc found to assume definite mathematical forms, 
bounded, for the most part, by plane surfaces and straight lines—these are called erys» 
tals. The subject of crystallography we have already discussed at some length, par- 
ticularly in its relation to minerals. Generally speaking, substances which differ in 
chemical composition from other substances constitute distinct mineral species ; again, 
substances which agree in chemical constitution, but differ in the character of their 
crystalline forms, arc divided into separate mineralogical species. Thus native gold, 
silver, and copper, which have the same crystalline forms, but differ in chemical com- 
position, give three distinct species of minerals. Calcite and aragonite, — ^which have 
the same chemical composition, being both carbonate of lime, but present different 
kinds of crystalline forms, one series belonging to the rhomboidal and the other to the 
prismatic system, — constitute two distinct species. Difference in chemical composition, 
independently of crystalline form, or difference in the class of crystalline form, while 
the chemical composition remains the same, principally determine the division of 
minerals into species. This rule does not hold true universally, for some bodies admit 
of considerable change in their chemical composition without affecting their form and 
many other properties — several dosses of such substances, of which the garnets and 
alums may be taken as an illustration, have by the common consent of mineralogists 
been considered os similar species, though differing from one another in chemical 
composition. 

ChamctezisticB of XIKinexftls.— The crystalline form and chemical constitution 
of minerals are the principal characteristics by which, when known, their species and 
names may bo discovered. Though these, in general, are sufficient for the identifi- 
cation of a mineral ; y^t, when the crystalline form is not apparent, or the diemical 
constitution determined without great trouble, there are many other characteristics 
which will enable us to describe and identify the species. The chief of these are the 
hardnesst specific gravity, fracture, lustre, coldur, brittleness, flexibility, malleability, 
taste, smell, and other natural properties of the substance. Sometimes the optical and 
electrical propertied afford assistance. 

2 i 
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Crystalline Form. — ^This subject has already been discussed at such consider- 
able length, that it is unnecessary to say anything more here than to quote from 
Dana that, To learn to distinguish minerals by their colour, weight, and lustre, is 
so far very well ; but the accomplishment is of a low degree of merit, and when most 
perfect makes but a poor mineralogist. But when the scicnec is viewed in the light 
of chemistry and crystallography, it becomes a branch of knowledge perfect in itself, 
and surprisingly beautiful in its exhibitions of truth. ^Ve are no longer dealing with 
pebbles of pretty shapes and tints, but with objects modelled by a divine hand, and 
every additional fact becomes to the mind a new revelation of His wisdom.” 

Chemical Composition. — ^Thcrc arc sixty-two or sixty-three elementary bodies 
known (See Chemisthy, page 29) ; all species of minerals ai'o formed by some one of 
these elements, or else result from their combinations. The following is a list of 
their symbols and chemical equivalents : — 


Ag, Argentum (eilvcr) 



. 1349*01 

Na, Natrium (sodium) 


. 287*17 

Al, Aluminium . • 



. 170*42 

Ni, Nickel . 



. 369*14 

Ab, Arsenic 



. 936*48 1 

Nb, Niobium 



. 

Au, Aurum (gold) 



. 2456-72 1 

N, Nitrogen 



. 175*25 

Ba, Barium 



. 854*85 ' Nr, Norium 



. 

Bi, Bismuth . 



. 2660*75 

Os, Osmium 



. 1242*60 

B, Boran • 



. 136*31 

0, Oxygen • 



. 100*00 

Br, Bromine 



. 999*63 

Pb, Plumbum (lead) 



. 1294*50 

Cd, Cadmium 



. 696*77 

Fd, Palladium . 



. 662*54 

Ca, Calcium . 



• 250*00 

PI, Pclopium 



• 

C, Carbon • 



. 75*00 

F, Phosphorus . 



. 391*55 

Ce, Cerium . 



. 590*80 

Pt, Platinum 



. 1283 50 

Cl, Chlorine 



. 443*20 

R, Rhodium 



. 652*00 

Cr, Chrome . 



. 849*83 

Rt, Ruthenium . 




Co, Cobalt . 



. 366*44 

Se, Selenium 



. 495*30 

Cu, Cuprum (copper) • 



. 896*00 

Si, Silicon • 



. 18f4*88 

D, Didymium . • 



. 620*00 

Sr, Strontium 



. 545*60 

Do, Donorium . 



. 

S, Sulphur . 



. 200*00 

E, Erbium . 



. 

Sb. Stibium (antimony) 


. 1612*90 

Fe, Ferrum (iron) 



. 350*06 

Sn, Stannium (tin) 



. 735*30 

F, Fluorine . 



. 235*71 

Ta, Tantalum • 



. 1148*40 

0, Glucinium 



. 58*08 

Te, Tellurium . 



. 801*80 

H, Hydrogen 



. 12*50 

Tr, Terbium 



• 

Hg, Hydrargyrum (mercury) 


. 1250*80 

Th, Thorium 



. 743*90 

I, Iodine ... 



. 1385*57 

Ti, Titanium 



. 301*60 

Ir, Iridium ‘ 



. 1232*00 

IT, Uranium 



. 742*90 

K, KaUum (potassiam) 



. 488*94 

Ya, Vanadium . 



. 850*90 

La, Lanthanium . 



. 588-00 

W, Wolfram (scheelium) 


. 1188*40 

L, Lithium . . - . 



. 81*85 

Y, Yttrium . 

. 


. 402*50 

Mg, Magnesium . 



. 157*75 

Zn. Zinc . 

. 


. 406*60 

Mn, Manganese . 



• 344*44 

Zr, Zirconium • 

• 


. 281*20 

Mo, Molybdenum 



. 596*10 






Tho letters or symbols placed before these elementary bodies enable us to express 
with great conciseness the chemical composition of any mineral, and the numbers 
which follow them, to determine the comparative weights of its component elements. 

Thus, ZnO represents tho red oxide of zinc, spartalite, consisting of one equivalent 
of zinc and ono of oxygen. 

FeS^, iron pyrites consisting of ono equivalent of *iron and two equivalents of 
sulphur. 
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tho red oxide of iron or huniatite, consisting of two eqniyalonta of iron and 
three of oxygen. 

AsO^ arsenic acid, consisting of one equiralont of arsenic and five equivalents of 
oxygen. 

no, water consisting of one equivalent of hydrogen and one of water. 
Pharmacosidcritc, an arseniate of iron, is represented by the more complex symbol 
+ 2AsO® + 12HO, showing that it consists of 3 equivalents of red oxide of 
iron, 2 of arsenic acid, and 12 of water. Tho following formulas will show the relative 
weights of the constituents of the above substances. 

Spartalitc. Iron Pyrites. 

Zn = 1 equiv. of Zinc = 406-60 or SO-iC Fe = 1 cquiv. of Iron = 3.5Q-00 or 46*67 

0=1 „ Oxygen = 100.00 19-74 S® = 2 Sulphur =400*00 53-80 

ZnO = l „ Spartalitc = 506-00 100-00 FeS* = 1 Iron Pyrites = 750*00 100*00 


The first column is obtained by multiplying the equivalent number of the elements 
by the number of its equivalents in the substance, and shows that 50G'60 parts by 
weight of spartalite contain 406 60 parts of zinc and 100 parts of oxygen, or that 750 
parts of iron pyrites contqip. 350 parts of iron and 400 of sulphur. 

The second column shows that 100 parts hy weight of spartalitc contain 80-26 parts 
of zinc and 19-74 of oxygen; and 100 parts of iron pyrites contain 46*67 of iron and 
53'30 of sulphur. This column is found by multiplying the number for the zinc, 
oxygen, iron, or sulphur of the first column by 100 and dividing it by tho equivalent 
number for the substance, thus, 


406-60 X.100 
"506-60 


z=80‘26 


1 _ 0 ^ 00 ><]^_ 

506*60 


350 X 100 
750 


= 46-67 


400 X 100 
750 


= 53-30 


To determine the relative weights of the constituents of pharmacosidcritc wo have 
the following calculations : — 


Fc2 = 700*00 
O’ = 3()0*(K» 

Fc*0’ = 1000*00 
3 

SFc’O® = 3000*00 


As = n30*4H 
0» = 500*00 


AsO* = 1436*48 
2 

2A86» = 3972*96 


JI = 12-50 

O = 100-00 

HO = m-so 
12 

12nO = 1350*00 


SFe’O’ = 3 equivalents of the lied oxide of Iron = 3000*00 or 41*53 

ZArO’ =2 „ I, Arsenic acid = 3972*96 39*78 

12HO = 12 „ „ Water = 13.'50*(H) . 18*69 

1 „ „ Pbarmacosideritc = 8322*96 100*00 


There arc two methods of investigating the chemical composition of a mineral— 
the qualitative and the quantitative. The qualitative analysis determines the nature 
of the constituents, and the quantitative their relative proportions. For the method of 
conducting these analyses wo must refer the student to the science of chemistry, con- 
tenting ourselves with expressing tho chomicaT composition of tho mineral in symbols, 
according to the best authorities, and indicating after the letter B whether ^ey are 
fusible or not before the blowpipe, and also whether they are soluble or insoluble 
in acidss 

BaidaeM.— 'The comparative hardness of minerals is of great assistance in 
determining their species, and it is a matter of great regret that this important pro- 
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perty has not been more accurately observed. The following scale introduced by Mohs 
is that generally adopted for indicating the hardness of minerals : — 

1. Talc. 3. Calcite. 6. Apatite. 7. Quartz. ' 9. Corundum. 

2. Rock Salt. 4. Fluor. 6. Felspar. 8. Topaz. 10. Diamond. 


The specimens of the above minerals used for testing the hardness of other minerals 
arc generally ihigmcnts of transparent or clcavable varieties. 

The hardness of talc is said to bo 1, of rock salt 2, of calcitc 3, and so on. A 
mineral which neither scratches nor is sci'atcbed by any member of the series is said to 
be of the same hardness. Thus, a mineral which neither scratches nor is scratched 
by quartz is said to bo of the hardness of 7, generally indicated thus, H 7. A mineral 
which scratches calcitc, and is scratched by fluor, is said to be of a degree of hardness 
between 3 and 4, which is indicated by 3*25, 3*5, or 3*75, according as it is regarded 
as J, or } harder than calcitc, No. 3. To ascertain these fractional degrees of ’ 
hardness the three minerals arc passed successively over a finely-cut hard steel file, 
one end of the file being held by the hand, while the other rests on a tabic. The 
degree of hardness of the intermediate substance is determined by observing the degree 
of resistance it affords to the file, the quantity of powder left on its surface, and the 
sound produced by the operation. Caro must be taken to use specimens nearly of the 
same form and size, and also of great purity. 

Stveak. — This is a property examined by scratching the mineral by a substance 
harder than itself, or when it is not too hard, by rubbing it on a piece of unglazed 
porcelain. A writing diamond will scratch all other minerals ; but a fragment of 
corundum, quattz, or a hard steel point, will be sufficient for most. The scratch 
may be a rough or smooth line, and it may bo accompanied by the powder of the 
mineral. 

The colour of this powder determines the colour of the streak, and it is distinguished 
as shining or dull, according as the scratch is of a greater or less lustre than the sur- 
face of the mineral scratched. 

Specific GzaTity.— Equal volumes of different substances arc frequently found 
to differ in their weights. To determine the relative weights, or the specific gravity , 
of equal volumes of substances, distilled water at a temperature of 60° of Fahrenheit, 
or 15*55° centrigrade, is taken as the standard unit of comparison. As it would be 


extremely difficult to obtain equal volumes of tho substances whose specific gravity is 



required, advantage is taken of tho hydro- 
statical property, that a body immersed in 
water displaces a mass of water equal in 
volume to itself, and has its weight diminished 
by that of tho equal volume of water it dis- 
places. Tho specific gravity of a body being 
the ratio of its weight to an equal volume of 
distilled water at tho temperature of 60° 


Fiff. 382. 


Fah., all we have to do to determine it, is 


to weigh the substances first in oir, and then in distilled water at 60° Fah. For this 
purpose the hydroatatie balance (Fig. 382) is made use of. 

The hydrostatic balance is an ordinary balance, the scale pan of which iskemoved 
from one side, and replaced by a counterpoise which balances the other scale pan ; 
under h is placed a hook, to w*hich the substance to bo weighed is suspended by a fine 
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fibre or platinum wire. For accurate experiments the balance should be sufficiently 
delicate to weigh to the one-hundredth part of a grain. Let A be the weight of the 
substance in air, W its apparent weight when suspended in water, and S Q its specific 
gravity— then : 


When great accuracy is required, it may be necessary to take into account the weight 
of the mass of air displaced by the body when weighed in air. Since water is 815 
times heavier than air, we must subtract from the specific gravity obtained above — 

815 (A - W) 


Thus in a specimen of cordiorite, .whose weight in air is 311-91 grains, weight in 
water 105 '46 grains. 


Here S G = 


311*91 

311*91 — 195*46 


= 2-678 


If we take into account 4ko weight of the air displaced when it is weighed in air, we 
must deduct from the above— 


195*46 _ 

815 X^CSll-Ol- 195-46) 


*002 


which makes the corrected specific gravity 2*676. The bubbles of air whi(;h attach 
Ihomselvcs to the surface of the mineral when suspended in water, are removed by 
boiling the water in which it is suspended briskly for some minutes, the whole being 
left to cool doAvn to the teinporaturc of 60’ Fah. 

If the mineral be so light as to float on the W’ater, a sinker of brass, or some other 
substance whoso apparent weight wlicn suspended by itself in the distilled water is B, 
is attached to it, so as to cause it to sink. 

Let A be the weight of the light mineral, B that of the sinker suspended by itself 
in the distilled water, G the weight of A and B when suspended in the water together ; 
then in this case 


SG = 


A + B - C 


Thus, to find the specific gravity of a substance which weighs 20 grains in air, it is 
sunk by a weight which weighs 87*22 grains when immersed by itself in water ; the 
two substances being suspended in the water together, weigh 23 '89 grains. In this 
ease 


G = 


20 


= ^=•240 

on.no — 


20 + 87'22 - 23-89 “ 83-33 


If the mineral can only bo obtained in small fragments, or if it bo supposed to con- 
tain vacuities it must be reduced to fine powder, and the specific gravity bottle 
(Fig. 383) made use of. This instrument is equally applicablo for tlic determination 
of specific gravity of solids or fluids. It consists of a thin glass bottle of a globu- 
lar shd^e, and is generally made to contain either 500 or 1,000 grains of distilled 
water at 60’ Fah. It is furnished with a ground glass stopper which is pierced through 
the centre with a straight hole of very fine bore. The object of this is, that when 
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the bottle is filled up to the neck with water or any other liquid, the stopper may be 
inserted, and, the excess of liquid escaping through the hole in the stopper, the bottle 
may bo filled with a definite volume of liquid. Suppose ojp object 
is to find the specific gravit)* of a liquid, and that we use a 1,000 
grain bottle, we proceed as follows :—l laving placed the empty 
bottle in one pan of a balance, we counterpoise it by a weight in the 
other ; we then fill the bottle with the liquid at 60'* Fah. in the way 
described, wipe it diy, ividauo it in the scales and restore the equi- 
librium by adding more weights. Tlie weight added is evidently 
that of the liquid, but as the same voliinio of water at 60’ weighs 
1,000 grs., if the bottle bo accurately made, the specific gravity of the 
liquid is equal to its weight exjwesscd in grains divided by 1,000. As 
the bottles are seUloni made with such accuracy as to (jontain exactly the right quantity 
of water, let W be the weight of bottle full of aii*, W' its weight filled with distilled 
w'ater at 60® Fah., then making an allowance for tlu', weight of the air contained in the 
bottle, the weight of the water contained in the bottle will be 

81 ^ Y') 

814 



and the weight of the bottle will be the dilfenmce between this quantity and A 
piece of lead equal to this must be cut and kept as a counterpoise for the bottle. If a 
bottle, which has thus been found to contain 500*72 grains of water, bo counterpoised 
by a pieco of lead, aud filled with sea w*atcr weighs 516*86 grains, the specific gravity 
516*86 

of the sea water will be ^ 

To determine the specific gravity of a powdered mineral, a known weight M of the 
substance is introduced into the specific gravity bottle, which is then carefully filled 
with water and weighed. 

Let M ho the weight of the mineral introduced. 

W the weight of the water it displaces in tho bottle, 
w tho weight of the water which the bottle would contain when full. 

W the weight of tho bottlo filled with tho mineral and water, the lead counter- 
poise for the weight of the bottle itself being in the opposite scale. 


Then the specific gravity of the substance 


M 

M' 


and W = w -f- M — M', or, M' =5 w -f* AI — • W 


and therefore SG z= 


M 

w -f M - W 


Let 86*02 grains of a mineral be introduced into a bottle formed to contain 500*72 
grains of water, ^and the bottle filled with distilled water, let it then weigh 654*74 grains. 
86*02 

Then SG = 500-72 + 86 02 — 654 74 = 


Nicholson’s Asoometss. — A cheap and convenient substitute for the balance is 
found iu a little instrument represented in Fig. 384, and called Nicholson's Jreometer^ 
which we will briefly describe. Y is a metallic ball or float having a descending^ihook, 
to which is hung a little weighted pan I to hold tho substance which is weighed in 
water ; the wire stem f supports a cup e. A mark on the stem, shows the point at 
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which the whole apparatus will float in a tall yessel of water, when a certain known 
weight (called the balance-weight) is put in the cup c. The specimen 
under examination must not exceed in weight the balance- weight, this 
being the limit of the instrument. Suppose the limit to be 100 grains. 

To find by this instrument tlic specific gravity of a substance, idacc it 
on r, and add weights till the instrument sinks to the mark t, the added 
weight being subtracted from 100, gives the weight of tlie specimen in 
air. Now place the specimen in the pan /, and again add weights to c. 

As much more weight on o will now be required as corresponds to the 
weight of a bulk of water equal to the specimen, which, it must bo 
remembered, is buoyed up by a power just equal to such wciglit. The 
difference of weight thus found vull be the divisor of the woiglit of tlio 
specimen, and the quotient will bo the specific gravity sought. 

This instrument is generally made of brass or tin-plate, but may bo 
more elegantly made of glass. 

For example, put the specimen in balance- weight = . . . . 100 00 

Weights added to sink instrument to < == 22*57 grs. 



Fig. 38i. 


Weight of spcciiflfti in air = 77*43 

Specimen placed in lower pan requires additional weights = 35*43 


35*43 — 22*57 = 12*86, the weight of a like hulk of water; then 


77-43 


— = 6*02% the 

specific gravity sought. 

When the specific gravity of two substances are known, by taking tho specific 
gravity of their compound, wo may find the relative weights of tho two components. 
Thus, knowing the weight of a nugget of quartz and gold, by means of its specific 
gravity wo can determine the weight of tho gold contained in it. 

Let G he the weight of gold in a nugget. g its specific gravity. 

(i the weight of the quartz in a nugget, q its specific gravity. 

N the wciglit of the nugget. n its specific, gravity. 

G-f Q = N 

g + 4 i 

From which equations wo may obtain the following, 

G = N. Cn-q)g 

(g-q)a 

Thus, if tho specific gravity of a nugget whoso weight is 11^ oz. bo 7'4 3, con- 
sidering the specific gravity of the quartz as 2-62 and that of fine gold as 19*35, wc 
shall have from the above formula 

G _ n.g 7 « - 2-62 19-35 _ 10703452-5 ^ 

® 19'35 — 2*62 ^ 7*13 1243039 . 


then 

and 


or the amount of fine gold in ^lo nugget will be about 8*6107 ounces. 

The asperities on tho surface of the quartz, as well as the cavities it contains, causes 
the nugget to displace more water than it should ; consequently the amount of gold is 
rather understated. (Galbraith and Haughton’s “ Manual of IlydroBtaUcs.*^ 

Bouble Refraction and Volaxized Liglit.— If a ray of light fall obliquely 
on a plate of glass or any other transparent mediumf its direction is changed as it 
passes into the substance, and it is bent or refracted according to a law, known as tho 
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law of sines. There arc certain transparent substances which possess the power of 
splitting the refracted ray into two, one of which mo.stly follows the ordinary law of 
refraction, which belongs to transparent substances, and the other a more complicated 
law. Such substances are said to possess the power of double refraction. Calcito 
^ possesses this property in so high a degree, that 



Fiff. 385. 


all objects seen through it appear double. This 
is most strikingly observed in the very trans- 
parent varieties called Iceland spar. 

If a ray of light II r fall obliquely on any one 
of the surfaces of a cleavage rhomboid of calcito 
(Fig. 38t5),it will be divided on entering into the 
crystal Into two rays, one r 0 in the same plane as 
the ray R r, following the ordinary law of refrac- 
tion, and therefore called the ordinary ray ; and 
the other, r E, following a more complicated law, 
and called the extraordinary ray. If the rhom- 
boid be placed on a piece of paper having a 


black dot, the dot scon through the crystal will appear double, and on6 image 

of the dot will seem to be above the other ; and in 

whatever position the rhomboid is placed, an imagi- 

nary line joining the two dots will always be parallel 

to the axis, Pj Pn, which joins the two three-faced solid ' Fs 

angles, Pj and P.j, of the rhomboid (Fig. 386), formed 

by three equal and similar oblique angles. A lino or 

printed characters viewed through the rhomboid will "S 

appear double ; the distance between the two images 

will depend on tlio thickness of the rhomboid, being Fig. 380. 

greater as the rhomboid is thicker. 

If the solid angles, and P 2 , of the rhomboid be ground down and replaced by 


two triangular surfaces, as in Fig. 387, perpendicular to the axis, P, P,, and these 

surfaces be polished, it will be found that a ray passing 


directly through these triangular surfaces will not suffer 
double refraction ; and any object viewed through these 
planes will appear single. The Jtxis, Pj P^, parallel to 
W'hich there is no double refraction, is called the optic axis 
of the crystal. All transparent crystals, with the exception 
of those belonging to the cubical system, possess the 
Fig. 387. property of double refraction, though few so powerfully 

as to cause objects seen through them to appear double. 
Nitrate of soda possesses the same crystallino form, cleavage, and the property of 
double rcfractioA in the same degree of energy os calcito, and may be substituted for it 
in experiments on these optical peculiarities. 



The light which passes through a doubly-refracting crystal suffers a peculiar 
change, which is called polarization, A ray of light which has been once split by 
passing through a doubly-refracting substance, will not bo divided again on passing 
through another doubly-refracting surface, and there is a certain angle for%very 
substance which is not metallic,* and is capable of reflecting ordinary light, at which 
the ray of light which has suffered double refraction cannot be reflected. A ray of 
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Fig. 369. 


light which has acquired these two properties, is called polarized light. Light may be 
polarized not only by passing through a doubly-refracting substance, but also by being 
reflected at a particular angle by a non-mctallio reflector, or by being refracted 
at a particular angle through parallel plates of a transparent substance, which docs not 
possess the property of double-refraction. 

» Tourmaline, especially the green and . 

brown transparent varieties, can be so 
prepared as to polarize light. If a crystal | 

^ of tourmaline be cut into plates, parallel 
to any one of the faces of the hexagonal 
prism, or to the principal or optic axis of 
the crystal, ordinary light on passing Fig. 389. 

Fig. 388. through the plate of tourmaline will bo 

doubly refracted ; but one of the two rays into which the ray is split will bo com- 
pletely absorbed by the tourmaline, if the plate bo thick enough, and the other will bo 
transmitted. If we look through the plates of tourmaline in the position of Fig. 388. 
as they are cut from the crystal, we can sec through them ; but if they be placed 
across each other, as in F^. 389, wo shall not be able to see through them, where the 
planes of the two plates are placed in contact with each othcT. , 

If we cause one plate of tourmaline to revolve on the other, in its own plane, 
through an angle of 3G0’, wo shall find that there are two positions 
in which it is incapable of transmitting polarized light. A bundle ^ 

of plates of glass, consisting of eight or ten similar pieces, with their \ 

edges united together with sealing-wax, or any other means, held \ 

in such a manner as to cause the light to pass through the plates 
obliquely, as in Fig. 390, may bo substituted for the plate of tour- 
maline. There is also an instrument colled Nicol's prism, con- 
sisting of two prisms of Iceland spar, united together with Canada 
balsam, at such an angle as to allow only one of the two rays of the 
djubly-rcfracted light to pass through the prism. The Nicols' \ 

prism and the plates of glass, have this advantage over the plates of \ 

tourmaline, that the light which is polarized by passing through 
them is not coloured. 

If a ray of light, w'hich has been polarized, pass through a doubly refracting crystal, 
it becomes depolarized, or recovers its property of being reflecting at all angles by a non- 
metallic reflector, and of passing through the plate of tourmaline, the bundle of glass, 
or the Nicol’s prism, in every position in which they may be held. 

This property affords a ready test of double refraction,— if a plate, with parallel 
surfaces, be cleared or cut from any doubly-refracting crystal and placed between the 
two plates of the tourmaline, in the position, Fig. 389, in which they lose their trans- 
parency, the transparency will bo restored ; and if tbo plate be of a cdttain degree of 
thinness, depending upon the substance of which if is composed, it will appear coloured. 
The plate of tourmaline, through which the light in passing is polarized, is called the polar^ 
izer^ the doubly-refracting plate the depolarizer^ and the other plate of tourmaline through 


R 

Fiz.SOO. 


which it is soon the analyzer. Any non-mctallic reflector, a plate of tourmaline, a bundle 
of glasS plates, or the Nicol’s prism, may be used as the polarizer or as the analyzer. 
Any instrument arranged with any combination of any two of these for the analyzer 
and polarizer, for the purpose of observing these phenomena, is called a polariecope. 
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The most conycnicnt analyzer is a polisbcd mahogany table or a sheet of glass lying 
on the table, reflecting the light of the sky falling on it through a window. If a thin 
plate of mica or selenite, held in the hand with its plane perpendicular to that of the 
table, be viewed through a plate of Tourmaline, a bundle of glass held obliquely, or a 
NicoPs prism, by advancing or retiring from the table its polarizing angle will soon be 
discovered by the brilliant tints assumed by the mica or selenite. When this angle 
has been dctermincci, — if w(j substitute for the plate of mica a thicker slice cut from 
any transparent crystal belonging to the rhombohcdral system, perpendicular to the 
principal or optic axis, or to any of the faces of the hexagonal prism, taking care to 
hold the slice close to the analyzer, — as we cause the analyzer to revolve round its 

axis we shall see a black 

Fig. 391,^^succeedc 

P‘'“‘ed as in Fig. 387, and 
viewed through the two 

triangular planes, will exhibit these phenomena with great brilliancy, if the thickness 
of the plate, or the distance between the triangular planes, bo from a quarter to an 
eighth of an inch. The intervals between the rings are smaller as the thickness of the 
slice increases, or, the thickness of the slice being the same, as the doubly refracting 
energy of the substance from which it is cut. In crystals of the pyramidal system^ the 
slice must bo cut parallel to the basal pinacoids of the crystal. 

Quartz is an exception to other substances belonging to the rhombohedral system 
as it presents the phenomena of circular polarization. The slice of quartz, cut perpen- 
dicular to the optic axis or any of the planes of the hexagonal prism, presents in every 
position of the analyzer the rings without the cross, the centre of the inner ring being 
of one colour, which passes through all the varieties of the spectrum as the analyzer 
is rotated on its axis. In some specimens the colours succeed in their order from red 
to violet, as the analyzer is moved from right to left, and in others when it is moved 
from left to right. 

Slices cut in proper directions from translucent crystals belonging to the prismatic^ 


Fig. 392. 



Fig. 393. Pig. 394. 

oblique, and amrihie systems, all of which have two axes of doubled reibiction, when 
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viewed as above, present a double system of rings round each axis ; when the axes are 
sufficiently near to be observed at once, as in the case of nitrate of potash, the analyzer 
being h(;ld in the position in which it would show the black cross in the preceding 
case. Figs. 393 and 394 will be seen, consisting of two scries of oval-coloured rings, 
intersected by dark brushes, which will change from the position, Fig. 393, to that in 
Fig. 394, ns the slice of the erystal is made to rotate round its axis, while the analyzer 
is held Axed. If the slice of the crystal be fixed while the analyzer is made to 
revolve, the dark brushes will alternately vanish and rc-appear, as in the crystals with 
one optic axis. 

Anrangement and Desexiption of Minerals. — Most modem works ou 
Mineralogy having followed a chemical arrangement of minerals, wo shall adopt that 
of Berzelius, as modified in the collection in the British Muscam. The British 
Museum coniaius probably the finest collection of minerals in the world ; it is public 
property, and easy of access to every student ; we shall, therefore, in our description 
of each mineral indicate the number of the case in which it may be found. For the 
sake of distinguishing the specimens of one mineral from those of another, in the 
British Museum, the name of each mineral in the case is printed on a label with a 
border coloured red, green) Jduc, or yellow ; a thin slip of wood, of the same colour as 
the border, surrounds all the specimens of the mineral indicated by the name on the 
label. Some idea of the value of the collcctioii in the British Museum may be formed 
from the fact that it cost government more than .C30,000, and has been greatly enriched 
by many valuable. contributions presented to it, especially the rich piivate collection 
of the llov. Mr. Cracherodo. 

In describing each mineral wc shall give its name and synonymes, chemical compo- 
sition in symbols, crystalline system, hardness, and specific gravity, indicated by the 
letters II and G ; case in the British Museum ; fracture, transparency, or opacity ; 
lustre, colour, streak ; brittleness, or other remarkable property ; fusibility or infusi- 
bility before the blowpipe ; the manner in w'hich it is affected hy acids, followed by 
some of its principal localities, and any observations which may be necessary as to its 
uses and properties. 


Iron. — Native Iron, — Fc. onblo. II = 4*d G 7'0 . . . 7'8. Case 1. Soluble in 
hydrochloric acid. B. infu.sihlc. Frac, hackly. Opaque. Lua, metallic. CoL pale 
steel-gray. Sir. the some. 

Native iron of terrestrial origin is mixed with a small portion of other metals, but 
without nickel. Dauphine, Auvergne, Brazils, Yates, United States. Mrfeork' iron : ^ro~ 
lite^ Meteorite, — ^Foimd in meteoric stones, with nickel, cobalt, and other metals. Siberia, 
Peru, Mexico, North America, Cape of Good Hope, several parts of Furope. Meteoric iron 
forms the substance of the rough-shaped knives of some of the Esquimaux tribes of North 
Ameidca. Iron is most extensively used in the arts and manufuctiires. 

Copper. — Native Copper, — Cu. cubic. II 2*5 .. . 3*0 G 8*5 .. . 8*9. Case 1 
Soluble in nitric acid. B. easily fusible. Frac, hackly. Lua, metallic. Col, red. 
Btr, shining. ^ 

Found in veins and beds. 'Disseminated through rocks of all formations. Hungary, 
Siberia.^ Cornwall, Waterford, Mansfield, Kanrsdorf, Chessy, Spain, Fahliin, North America, 
Cuba, Brazils, China, Japan, Nassau, Saxony. Copper, either by itself, or else in combina- 
tion with other metals, is extensively used in the arts and manufactures. Copper is used 
for the stamping machinery of powder-mills, because it docs not emit sparks. 
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BiBmuth. — Native Biamtth. — Bi. vliombohedial. II 2-0 .. . 2*5 G 9'6 . . . 9*8. 
Case 1. Soluble in nitric *acid. B. easily fusible. Frae. indistinct. Opaque. Lua, 
metallic. Col. rcddisb-silver-whitc. 

Bound in veins, in granite, gneiss, mica slate, and transition rocks. Saxony, Thuringia, 
Bohemia, Norway, Sweden, the Pyrenees, Connecticut, Cornwall. Bismuth enters into 
several alloys used in the arts, such as pewter, solder, and type metal. 

Lead.— Pb. cubic. H 1*5 G z= 11-35. Case 1. Soluble in nitric 
acid. B. easily fusible. Frae, hackly. Opaque. Lua, metallic. Col, lead-gray. 
Str, shining. 

Said to be found in lava and carboniferous limestone. Mndcira ; Bristol ; Kenmare 
Ireland; Alston, Cumberland. Used extensively in the arts and manufactures. 

Silver.— Silver.— K^, cubic. II 2-5 — 3 0 G 10-1 — 11-0. Case 2. 
Soluble in nitric acid. B. easily fusible. Frac. hackly. Opaque. Lua. metallic. 
Col, ivliitc. Sir. shining. 

Found in veins, rarely in beds ; in crystalline slate rocks, gneiss, mica slate, hornblende 
slate, granite, syenite, porphyry. Norway, Sweden, Saxony, Bohemia, Hungary, Tran- 
sylvania, Siberia, the Hartz, Baden, the Tyrol, France, Peru, Mexico, Ohili, Cornwall, Alva, 
Scotland. Used extensively in the arts and manufactures ; nrxod with copper in the pro- 
portion of 12| to 1, it foims the standard silver of British coinage. 

XHercury. — Native Mercury. — Ilg. cubic. II-O’ G 13*6. Case 2. Soluble in 
nitric acid. B. volatilizes. Opaque. L\is. bright motnlHc. Col. tin-white. 

Found in cavities or crevices of rock containing cinnabar. Carniola, Spain, Bohemia, 
the Palatinate, the Tyrol, Corinthia, Peru, China, the Hartz. 

Amalgam. — Ilydrargnret of Silver.— k^. Hg. cubic. II 3*0 — 3*5 G 13*7 — 14*1 
Soluble in nitric acid. B. volatilizes. Frac. concboidal. Opaque. Lua. bright 
metallic. Col. silver-white. Str. the same. 

Found in heds containing mcrcuiy and cinnabar. The Palatinate, Hungary, Spain, 
France, Sweden. Tliat found in the Arcpiero mine, in Chili, has been called Arqucnle. 
F.xteiisively used in the. arts and for ydiilosophical apparatus, and in the manufacture of 
chcTiiical and pharmaceuticsil preparations. 

Palladium.— Palladium. Pd. cubic. II 4*5 — 6*0 G 11-8 — 12*14. 
Case 2. Soluble in nitric acid. B. infusible. Frae. hackly. Opaque. Lua. metallic. 
Col. light steel gray. 

Occurs in rolled gniins with plaiina, and particles imbedded in and combined with gold. 
Brazils, I'ilkcrode in the Hartz. Does not tarnish. Has been used in the manufacture of 
philosophical instniments, particularly balances. 

Platinum. — Native Plathm. — ^Pt. cubic. H 4*0 — 4-5 G 17*3 — 18*94. Case 2. 
Soluble only in nitro-muriatic acid. B. infusible. Frac. hackly. Opaque. Lua. 
metallic. Col. steel gray. 8b\ the same, bright. Ductile. 

Found with gold in veins of (luiirtz, in syenite, and in alluvial sand. The Ural, Brazils, 
St. Domingo, Borneo, the Rhone, North Carolina. Of great value in the construction of 
philosophictd and chemical apparatus. It is used in painting on porcelain. 

Osmixidium.— .rfffoy of Iridium and 08mum.—lT. Os. xhombohedxal. II 7*0 
G 19*3 — 21*2. Case 2. Insoluble in acids. B. infusible. uneven. Opaque. 

Lua, metallic. Col. tin-white and lead-gray. Str. the same. * 

Occurs in isolated crystals and grains with gold and platinum. South America, the 
Ural, Borneo. 
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Xridium .-- of Iridium and Flatinum. Ir. Pt. cubic. H 6 0 — 7'0 G 
22*65 — 22*80. Insoluble in acids. B. infusible. Opaque. Lua, metallic. Col. 
silycr-whitc. Highly ductile. 

Occurs with platinum and osmi-iridium. The Ural, Ava. Harder, hearier, and paler in 
colour than platinum. 

Gold.— cubic. H 2*5 — 3*0 G 14*55 - 19*1. Case 3. • Soluble 
in nitro-muriatic acid. B. fusible. Frae. hackly. Opaque. Luo. metallic. Col, 
gold yellow. 8tr. bright. Ductile and malleable. 

Occurs in felspathic and hornblende rocks, in conglomerates, in alluvial deposits and 
sands of rivers, in veins of greenstone and syenitic poiphyry, in veins of quartz, in sclcni- 
uret of lead ; generally combined with silver — ^when the proportion is considerable, it is called 
Elcctrum. Hungary, Transylvania, Mexico, Peru, and New Spain; California, Prazils, 
North Carolina, Australia, St. Domingo, Bohemia, Africa, Thibet, Chinn, Java, Borneo, 
Sumatra, the Hartz, Danube, Rhine, Wicklow, Perthshire, Cornwall. The most ductile and 
flexible of all metals; extensively used for coinage, articles of luxury, and in the arts. 

Telluxium . — Hativo Tellurium, — Tc. Ebombobedxal. Case 3. JI 2*0 — 2*5 
G 6*1 — 6*3. Soluble in nitric acid. B. easily fusiblo. Opaqiic. Lus. metallic. 
Col, tin-white. Str, the same. 

Occurs in a sandstone rock. Faceby, Transylvania. 

Tetiradymite. — TetlurwUmuth^ Bomine^ Molyhde^ia^ailvery Sulplio-telluret of B%8» 
muth. Rhombohedial. Case 3. H 1*0 — 1*5 G 7*4 — 7*5. Soluble in nitric 
acid. B. easily fusible. Opaque. Zua. metallic. Col, bright steel-gray. Str, tho 
same. 

Occurs in conglomerate. Hchoubkan in Hungary, Deutscb Pilsen, near Grard. 

Petzite .— Tellur Silfter, Tdluret of Silver. — Ag. To. cubic. Case 3. 
H 2*5 . • . 3*0 G 8*31 — 8*83. Soluble in hot nitric acid. B. volatilizes. Frac. even. 
Opaque. Lus, metallic. Col. steel-gray. Str, the same. Malleable. 

Occurs with iron and copper p}Tites in talk-slate. Siberia, Transylvania. 

Nagyagite . — Black or Foliated Tellurium, Auro-plumhiferous t€lluret.--Vh. Tc. 
Au. pyramidal. Case 3. 11 1*0 — 1*8 G 7.0 — 7*2. Soluble in nitric acid. B. 
easily fusible. Opaque. Lus, metallic. Col. blackish lead-gray. Str. the same. 

Occurs in veins with quartz. Nagyag and Olfenbanya, Transylvania. Prized fur the 
gold it contains. 

AltaXXjbn^-TeUuret of Lead,—Vh. Te. cubic, H 3*0 — 3*5 G 8*15. Soluble in 
nitric acid. B. fusible. Frae, uneven. Opaque. Lus, metallic. Col, tin-while. 
Str. the same. 

Found with petzite in Sawodinski mine, in the Altai. 

Sylwauite . — Graphic and Yellow Tellurium^ SchrifUerz^ jRIullerine.—Te, Pb. An. 
prismatic. Case 3. H 1*5 — 2*0 G 7*99 — 8*33. Soluble in nitric acid. B. fusible. 
Frac. uneven. Opaque. Lus. metallic. Col. steel-gray. Str, tho same. 

Found in porphyry. Ofienbanya and Nagyag, Transylvania. A very rai*c mineral. 

dixitimouy , — Native Antimony — Sb. rbombpbedral* 11 3*0 — 3*5 G 6*6 -— 6*7. 
Case 3. Soluble in nitro-muriatic odd. B. easily fusible. Opaque. Lus. metallic. 
Col, tw-white. Str. the same. 

Occurs in veins in crystalline rocks. Salilberg in Sweden, Allemont in Dauphine, Przi- 
bram, in Bohemia, Andreasberg intlie Hartz. Used as an alloy to harden the softer metals, 
particularly type metal ; it is also used for some pharmaceutical preparations. 
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Antimonsilbeif.— AV/tcr.— Ag^ Sb. prismatic* II 3*5 G 9-4 — 9*8. 
Case 3. Soluble partially in nitric acid. B. easily fusible. Frae, uneven. Opaque. 
Lu8. metallic. CoL silver white. Str, the same. 

Occurs in veins in granite, porphyry, and crystalline slate rocks. Andreasberg in the 
Uartz, Guadfll canal in Spain, Allcinont in France, Alexico. A rare mineral, highly valuable 
for extracting silver, when found in siijJicicnt qiiiintity. 

Bseithauptite * — Nickel AntiniMiial. — Ni.* Sb. vhombohedxal* H 5*0 G 7*54. 
Soluble in nitro-muriatic acid. B. volatilizes. Fvac, uiievcn-conchoidal. Opaque. 
Lu8, metallic. Col light copper-red. Sir. reddish-brown. Brittle. 

Occurs witli ores of cobalt at Andreasberg in the Hartz. 

Axsenic-— ufrwntV.— As. rhombobedxal. II 3*5 G 5*7 — 5-8. Case 4. 
With nitric acid changes to arscnioiis acid. B. easily fusible, on charcoal volatilizes. 
I^ae, uneven. Opaque. Zus, metallic. Col tin-w^hito. Str. the same. Biitile. 

Occurs in veins, seldom in beds, in crystalline slate rocks. The llai-tz, Saxony, Baden, 
liobomia, Transylvania, the Banat, Danphinc, Alsace, Norway. A virulent poison, it is 
used in metallurgical processes and in tbe manufacture of glass and colours. 

Kupfexnickel . — Copper Nickel^ Arseniaie of Nickel — Ni.^ As. xhombobedxAl. 
II 5-5 G 7*2 — 7*8. Case 4. Soluble in nitro-chloric aciS. B. fusible. Irac, con- 
choidal. Opaque. Zus, metallic. Col copper-rod. St)\ brownish-black. Brittle. 

Occurs in veins, seldom in Ijeds, in granite, clay, slate, ai\d transition racks. Saxony, 
Bohemia, Tliuringia, llossia, the llartz, Baden, Dauphine, Styria, the Banat, Spain, Connec- 
ticut, Cornwall, lanlithgowshirc. Distinguished from native copper by its brittle nature, 
and the green deposit it forms in nitric acid. 

Itammelibexgite.— Arsenical Nickel— As. cubic* 11 5*5 G 8*43 — 
6*73, Case 4. Soluble in nitric acid. B. easily fusible. Frac, uneven. Opaque. 
Zwa. metallic. Col tin-w*hitc. Brittle. 

Found at Schiiceberg in Saxony, Bichclsdorf in Hessia, Kamsdorf near Saalfield. 

Chloaiithite.— A7cl’e/.— Ni. As. prismatic. II 5*5 G 7*09 — 7*18. Opaque. 
Zus, metallic. Col tin-white. 

Found at Biecholsdorf and Schneeberg. 

Smaltine. — Tin^white Cobalt, Arsenical Cohalt, — Co. iVs. cubic. H 5*5 G 6*3 — 
G‘6. Case 4. Soluble in nitric acid. B. easily fusible. Frac, imcvcn. Opaque. 
Im8, metallic. Col tin-white. Sir, grayish-black. 

I^ound in veins in slate rocks. Saxony, Bohemia, Hessia, Styria, Hungary, Piedmont, 
Cornwall. Distinguished from native bismuUi and copper nickel by its perfect cleavage, 
inferior hardness, and reddish tinge. Boasted to drive olf the arsenic, and tinely powdered, 
it affords a blue colour for painting porcelain, Ac. ; witli silex and potash it produces 
smalt. 

SafBlorite*' -Cohalt Arse^ncalj Chathamiie, Iron Cohalt,— Co, As. and Fe. As. cubic* 
H 5*5 G 6*92 — 7*3. Soluble in nitric acid. Frac, uneven. Ool light stccl-^y. 
Found in veins traversing primitive rocks. Schneeberg. 

Skutteradite .— Nard white Cobalt , — Co.^ As.^ cubic* H 6*0 G 6*74 
— 6*84. Case 4. Soluble in nitric acid. B. easily fusible. Frae, eonchoidal. 
Opaque. Lus, metallic. CoA tin-white. * 

Found in mica state, at Skuttcrud in Norway. 
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Lolingite . — Arsenical ByriUs^ Lencopyritc.—Yii.^ As/^ pzMmAtic. H 5*5 G 
7*0 — 7*3. Soluble in nitric acid, partially. B. fusible. Frac, uneven. Opaque. 
Lm, metallic. Col, silver white. &ir, grayish-black. 

Found in veins in clay slate, in beds of chalybite, and in serpentine. Andreasberg, 
Carinthia, St}Tia, Silesia, Norway. The accidental admixture of silver rendcra some of the 
varieties of this species useful as an ore of that metal. It is employed in the mnufactwe of 
white arsenic and of realgar. Sometimes it contains a small portion of gold. 

Placodine. — Ni.^ As. oblique. II 5*0 — 5*5 G 7*99 — 8*06. Soluble in nitric 
acid. B. easily fusible. Opaque. Lus, metallic. Col, between bfonzc-ycUow and 
coppcr-i-ed. &tr, black. Brittle. 

Found at IVIiison in Siegen. 

Domeykite . — Arseniuret of Copper^ Condurrite, — Ou.* As. II 3*5 G 4*20 — 4*29. 
Case 4. Not soluble in hydro-chloric acid. B. easily fusible. Opaque. Lite, me- 
tallic. Col. tin-white. 

Found in vems in pori)byritlc mountains. Peru, Chili, Cornwall. 

Diamond. — C. cubic. II = 10*0 G ~ 3*5 — 3*0. Case 4. Insoluble in acids 
Frac. conchoidal. Traiftparcnl- translucent. Lus, udamontinc. CoL colourless, white, 
gray, brown, green, yellow, red, blue, rarely black. Str, gray. 

Found in quartz, conglomcriite, in strata of clay and sand containing an iron oxido, in 
alluviums, and in n micaceous sandstone. The Dcccnn, Malacca, Borneo, Celebes, dava. 
Brazils, 3Ioxico, the Ural, North Carolina, Georgia. 'J’he most valued of all the gems. 
Employed for cutting glass, and its powder for cutting and polishing hard gems and stones. 

Graphite . — rinmhagoy Carburet of Iron.-^O. rhombohedral. 11 1*0 — 2*0 
G 1*8 — 2*1. Case 4. Insoluble in acids. B. infusible. Frac, uneven. Opaque. 
Lus, metallic. Col, iron-black, dark steel gray. Sir, black, shining. 

Found in beds in gneiss, triip, and in the coal formation. Norway, PiAvaria, tho 
Pyrenees, North Am»Ticn, Austria, Styria, Bohemia, IVfcravia, Cnmherland, AberdcenKhirc, 
Kilkenny, Ayrshire, Spain, Ceylon, the Brazils, Massachusetts. Used for the manufacture 
of pencils and crucibles ; also to diminish friction in machines. 

Anthracite . — Glance Coal, II 2*0 — 2*5 G 1*3 — 1*75. Case 4. Frac, con- 
choidal. Lus, vitreous or waxy. Col, black. Str, black. Brittle. 

Found in several parts of the Alps, the Pyrenees, France, Pennsylvania, Massaclnisctts, 
Bohemia, Silesia, Saxony, Staffordshire, Brecknockshire, Carmarthenshire, IVmhrokesliire, 
Kilmarnock, and Kilkenny. Used as fuel lor furnaces, and in the m.iiuifaeture of metals. 

Selenium.^— S p. Case 4. II 2*0 G 4*3. Frac, conchoidal. Translucent. ’ Lus, 
vitreous. Col, pale dull red. 

Found incrusting sulphur in Sicily, Mexico. 

Berseline . — Seleniurtt of Copper, — Cu.- Se. Case 4. Crystalline. Ltts, metallic. 
Col. silver-white. Str. shining. Soft and malleable. 

Found coating calcite at Skrickerum, Sweden, rarely in the Hart/. 

lhikalrlte.---^^7mfbr^/ of Silver and Copper, Cu.' Sc. -{- Ag. Sc. Case 4. Soluble 
in hq|: nitric acid. B. fusible. Ciystalline. Opaque. Lus. metallic. Col, lead-gray. 
Sir, shining. Soft. 

Found in serpentine at Skrickenun, Sweden. 
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NaumaBnite . — Selmiuret of Silver, So. cubic. H 2*4 G 8*0. Soluble in 
concentrated nitric acid. B. fusible. Opaque. Lm, mctallie. Col, iron-black. 
Sir, same. Malleable. 

Foiuid in narrow veins in diabase at Tilkerode in the Hartz. 

ClausAalite .— of Lead, — ^Pb. Se. cubic. Case 4. II 2*5 — 3*0 
G 8'2 — 8*8. Soluble in nitric acid partially. B. volatilizes. Opaque. Ltie, 
metallic. Col, Lcad-grav. Str, gray. 

Found in transition rocks in the Hartz and Saxony. 

Lexbachite . — Seleniurei of Lead and Mercury, Se. and Ilg. Se. Case 4. 
Cubic. Soft. G 7*3. Opaque. Lite, metallic. Col. lead-gray. Str. black. 

Found in transition rocks in tlie'Hartz. 

Zoigite. — Sdeninret of Lead and Copper, — Pb. So. with Cu. Sc. Case 4. II i*o 
G 7'0 — 7*5. B. volatilizes. Frae, conchoidal. Opaque. Lue, metallic. Col, light 
lead gray, grass-yellow. Str, darker than colour. 

Found in transition rocks and in a vein in clay slate. The Hartz and Thuringia. 

i Riolite. — Ag. Sc.- sbombohedzal. Colour lead-gray. Very malleable. 

Found in Tasco in Mexico. 

Onofiite . — Seleniurzt of Mercury.’-^^Hg, Sc. with Ilg. S. Case 4. II 2*5. Liis, 
metallic. Col, blackish, lead-gray. Str. shining. 

Found massive in veins at San Onofre, Mexico. 

Sulphur.-S. piismatic. H 1*6 — 2*5 G 2*0 — 2*1. Cased. F'raer. conchoidal, 
uneven. Transparent. Translucent on the edges. Lua. resinous, inclining to ada- 
mantine. Col, sulphur-yellow, passing into red-brown, gray. Str, sulphur, yellow- 
white. 

Found in mica slate, lime-stone, metallic veins, beds of gypsum, sandstone, in allnvium, 
as a volcanic sublimate, and a deposit from hot springs, Anito, Hungary, the Black Forest, 
Sicily, Tuscany, Spain, Cracow, Hanover, Greenland, Thuringia, Naples, ^tna, Iceland, 
Java, 'fencriffe. Bourbon. Used in the manufacture of gunpowder, sulphuric acid, cinnabar, 
and various pharmaceutical preparations. 

A.\aiyaaxLildxi^^^Sulphuret of Manganese jMexaJiedral Glance BUnde. — Mn. S. cubic. 
H 4*0 — G 3*95 — 4*01. Case 5. Frae. uneven, imperfect, conchoidal. Opaque. 
Lua. metallic, imperfect. Col, iron-black. Str, dork-grccn. B. fusible. Soluble in 
hydrochloric acid. 

A rare mineral, found in veins. Nagyag, Transylvania, and in Mexico. 

Hauerite.— Mn. cubic. II 4*0 — G 3*46. Case 5, Lua. adamantine. Col, 

dork reddish-brown. Str, brownish-red 

Found ill clay with g}'psilm, and sometimes with sulphur. Kalinka, Hungary. 

Blende , — Sulphuret of Zinc^ Dodecahedral Garnet Blende,, Black Jack of Miners . — 
Zn. S. cubic. H 3*5 — 4*0 G 3*9 — 4*2. Cose 5. Frae. conchoidal. Lua, adamantine. 
Col. green, ycBow, red, brown, and black. Transparent B. fusible with difficulty. 
Soluble in powder in concentrated nitric acid, with exception of the sulphurs. 

Widely diffused in veins and beds, in ciystalline slate and transition rocks. Hungoir, 
Transylvania, Bohemia, Saxony, the Hartz, Sweden, Derbyshire, llintsbire, Cornwall, 
Perthshire, Leadhills, and Lanarkshire. Distinguished from the varieties of galena, garnet, 
and tin, which it resembles by the facility with which it yields to the knife. Of little value 
as an ore of zinc, from the difficulty of extracting that metal from iU ' ..... 
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Fyrits. — Irm PyriU*^ Sulphuret of Iron^ HexaJiedral Iron Pyrites, Fe. S^. cable. 
II 6-0 — 6*5 G 4*9 — 5*1. Case 6 . Frae, conchoidal, uneven. Opaque. Lus, 
metallic. Col. 'brass-yellow, gold-yellow, brown. Brittle. B. fusible. Partly 
soluble in nitric acid. Some varieties contain a small quantity of gold. 

A very common mineral, universally diffused in beds and veins of tlie most different 
f(jrmations. Elba, Piedmont, Saxony, Bohemia, Hungary, Norway, Sweden, Dauphine, 
Derbyshire, Cornwall, &c. Used in tho manufacture of sulphur, sulphate of iron, and 
sulphuric acid. Distinguished from copper pyrites by being too hard to be cut by a knife ; 
from tho ores of silver by its pale bronze colour, and hardness and difficulty of fusion. 
Gold is sectile, malleable, and does not give off a sulphur odour before the blow-pipe. 

XMEaxcasite. — TFhite Iron Pyrites. Prisnmtie Iron Pyrites. — Fe. S* pzismatlc. 
IX 6*0 — 6*5 G 4*65 — 4.9. Case 6 . Frae, uneven. Opaque. Lns, motoUiu. Col, 
pale bronzc-ycUow, sometimes inclining to green or gray. 8tr. dark greenish-gray. 
Brittle. 

Not so common as pyritc, and not found in the oldei* rocks. Saxony, Bohemia, Hessia, 
the Hartz, Condo, Cornwall, Derbyshire. Used for the same x)urposcs ns pyrite. 

Fynhotlne. — Rhomholiedral or Magnetic Iron Pyrites, 5 Fc. S Fe.* 8 ^ 1 = Fe.’S* 
arhombohedval. H 3'5* 4*5 G 4*6 — 4*7. Case 6 . Frae. conchoidal. Opaque. 

Lus. metallic. Col. brass-yellow. Str. grayish-black. Feebly magnetic. Brittle. 

Occurs principally in beds in the older rocks, and somritimes in meteorites. The Hertz, 
Bavaria, Saxony, Silesia, Cornwall, Argyleshire, and Galloway. 

Unneitet — Sulphuret of Cohalt. Isometrical Cohalt-hm, — Co. S + Co.® S® cubic. 
II 5*5 G 4*8 — 5*0. F^ac, conchoidal-uncven. Opaque. Lus. metallic. Col. silver- 
white, inclining to steel-gray. Sir. blackish-gray. Brittle. B. fusible. Partly soluble 
in warm nitric acid. 

Foimd in Sweden in beds of gneiss. 

Syepoozlte. — Sulphuret of Cobalt. — Co. S. Col. steel-gray, inclining to yellow. 

Found in Syepoor, in llindostan. 

Killexite. — Sulphuret of Nickel, Nickel Pyrites. Native Nickel. — Ni. S. zbom^ 
bohedzal. II 3*5 G 5*23 — 5*30. Case G. Opaque. Lus. metallic. Col. brass- 
yellow. Sir, bright. B. easily fusible. Soluble in nitro-muriatic acid. Green. 

Occurs in cavities, and dispersed among the crystals of other minerals. Bohemia, 
Saxony, Andreasberg, and Cornwall. 

ElaennlclKelkieSi — 2 Fe. S Ni. S. cubict H 3*5 — 4*0 G 4*6. Frae. un- 
even. Opaque. Lus. metallic. Col. light pinchbeck-brown. Sir, rather darker. 
Brittle. 

Found in crystalline masses with towanite in amphibolc, Norway. 

Gezsdozfltte. — Lisomose, Arsenical Nickel. — ^Ni. S® + Ni. As® or 2 ifi. S -f-Ni. As* 
cubic. H5*0 — 5*5 G 6*1 — 6*13. Cose 6 . Frtfe;. uneven. Opaque. Xf/.y. metallic- 
Col, Light lead-gray. Str. grayish-black. Brittl^. B. fusible. Partially soluble in 
nitrio acid. 

The Hartz, Sweden, Hungary, Spain, and tho Brazils. 

e 

XIUmMXdtiBm^Niekeliferous Gray Antimony. Ilarimannite.^'Ni, Sb -f- Ni. S* 
cubic. H 5*0 — 5*5 G 6*2 — 6*55. Case 10 . Opaque. Lus, metallic. Col, gray. 
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grayish-black. Brittle. B. fusible. Partially soluble in nitro-muriatio acid, 
forming a green solution. 

Found in iron-stone veins. Nassau, Prussia, and the Hartz. 

Grunaulte.— Nickel Bismuth Glance. BUmuthiferous Sulphuret of Nickel* 
cubic. H 4**5 5*13. Opaque. metallic. light stccl-grey. Sir. daxk 

gray. Brittle. B. fusible. Green solution in nitric acid. 

Found in veins. Bohemia and Cornwall. 

Oreenockite.— of Cadmium. Cd. S. phombohedzal. II 3*8 G 4*8 — 
Case 6. Translucent. Lus. adamantine. Col. yellow, ^tr. orange. Soluble in warm 
hydrochloric acid. 

Occurs in crystals in porphyritic amygdaloidal trap, at Bishopton, in Bcnfrewshirc. 

Rednithlte.— Copper. Prmmtic Copper Glance.~^Cyx? S. pzianratic. 
H 2*5 — 3*0 G 5*5 . . . 5*8. Case 7. Frac. conchoidal. Opaque. Lus. metallic. 
Col. blackish lead-gray. Sir. tho same, shining. Very scctile. B. easily fusible. 
Blue solution in warm nitric acid. 

Found in beds and veins in bituminous copper slate, iron stone and clay slate. Silesia, 
the Hartz, Sweden, Norway, North America, I*ei*u, Mexico, C jinwall, Yorkshire, Ayrshire, 
the Orkneys, and Shetland. Cu.^ S. formed by the fusion of copper glance, or of copper 
and sulphur in the same proportions, can be obtained in octahedral crystals ; this substance 
is therefore dimorphous. It is a rich and highly valuable ore of copper. 

Gowelline.— Indigo Copper. Blue Copper.— S. zhombohedxal. 
II 1*5 — 2*0 G 3*8 — 3*82. Case 7. Oi)aquc. Lus. resinous. Col. indigo-blue. Btr. 
black, shining. Scctilc. B. fusible. Soluble in nitric acid. 

Found in Thuringia, Salzburg, Poland, Yosuvius. 

Tennantite. — Bodecahedral dystome Glance. — 4 (Fc, 2Cu.} S As. cubic. 
H 4'0 G 4*3 — 4*5. Case 7. Opaquo. Lm. metallic. Col. blackish lead-gray— iron- 
black. Btr. dark reddish-gray. Brittle. B. fusible. 

Tn veins in granite and clay slate. Hedruth, and St. Day, in Cornwall, 

Boznlte.— Copper. Variegated Copper. Octahedral and Hepatic Copper 
Pyrites, Buntkupfcrn'z. JSrubesciie.—d Cu.* S Fe,® cubic. H 3*0 G 4*9 — 6*1. 
Cose 7. Frac. conchoidal-uneven. Opaque. Ltts. metallic. Col, between copper- 
red and piuchbcck-brown . Btr. grayish-black. Bather scctile. B. fusible. Partially 
soluble in concentrated hydrochloric acid. 

Found in beds and veins of the older rocks. The Banat, Norway, Thuringia, Silesia, 
Siberia, Greenland, Sweden, North America, Saxony, the Ilartz, Cornwall. A valuable 
mineral for exti*acting copper. 

Cubane. — Cu.^ S Po.^ S® -1- 2 Fc S or Cu. S + Fo.® cubic. 11 4*0 G 4*026 — 
4*042. Opaque. Lus. metallic. Col. brass-yellow. Btr. black. B. fiisible. 

Found at Bacaronao in Cuba. 

Towanite . — Pyramidal Cojiper Pyrites. Yellow Copper Ore. Chalkopyrite.— 
Cu.2 S + Fc.s S3, pyramidal. H 3*5 — 4*0 G 4*1 — 4*3. Case 7. Frae. con- 
choidal. Opaque. Lus. metallic. Col brass-ycUow. Btr. greeni^-black. Slightly 
brittle. B. furible. Soluble partially in nitro-muriatic acid. It sometimes^contam, 
traces of silver or gold. 

Oconrs in beds and veins with several other minerals. Saxony, Bohemia, Norwop 



SULPHIDES. 


499 


Sweden, the Hartz, Cornwall, Anglesea, Derbyshire, Cumberland, Perthriure, Shetland* 
Wicklow, Hungary, Siberia, Ncfrth and South America, Africa, Japan. An important oxe of 
copper. Also used in the manufacture of blue yitzlol, or sulphate of copper. 

Patzinite. — Flumbo cupriferous sulphuret of Bismuth. Nadekrz FsoiU Oro 
Arikinite^ Acicidite^f^Oxi,^ S + Bi. S^) 2 (Pb.® S + Bi. S*) piismatio. H 2*0 

— 2*5 G 6*75. Opaque. Lus, metallic. Cel, Blackish lead-gray. 8tr. blackiah- 
gray. Slightly brittle. B. easily fusible. Partially soluble in nitric acid. 

Imbedded in quartz, associated with gold. Beresow in Siberia. 

Stvomeyezite.— of Silver and Copper. Argentiferous Copper 
Cu.® S + Ag. S prismatic. II 2*5 — 3*0 G 6*255. Case 10. Frae. conchoidal. 
Opaque. Lus. metallic. Col. blackish lead-gray. Sir. the 8ame> shining. Perfectly 
sccUl'*. B. fusible. Partially soluble in nitric acid. 

\ rar' mineral. Schlongcnberg in Siberia, Chile, Silesia. 

Q^oXsjssdLv^ulplivret of Lead^ Hexahedral Lead Glance^ Bltte Lead. — Fb S, cubic. 
II 2*5 G 7*4 . . . 7*6. Case 8. B. fusible. Soluble, partially in nitric acid. Frae. 
conchoidal. Opaque. Lus. metallic. Col. lead-gray. Sir. tho same. Bather 
sectile. 

• • 

Occurs very abundantly in rocks of the most different formations. Saxony, Bohemia, 
the Hartz, Hungary, France, Norway, Sweden, Spain, Silesia, North America, Greenland, 
Cumberland, Durliam, Northumberland, Flintshire, Wales, seyeral places in Scotland. 
This is the ore wliicli yields most of tlic lead which is produced ; it sometimes contains a 
small quantity of silver, which is extracted from it. Galena reduced to powder, or the 
litharge produced from it, is used for glazing coarse pottery. 

Stelnmannitc.— Olance.’--Vh S, Sb S®, cubic. H 2*5. G 6*83. 
lyae. uneven. Opaque. Lus. metallic. Col. lead-gray. Sir. gray, shining. Sectile. 
B. fusible. 

Found at Pezibram, in Bohemia, with silver, blende, pyritc, and quartz. 

Bismuthine.-— of Bismuth, Trismaiie Bismuih GUmee.-^Bi S® prismatic. 
H 2*0 G 6*4 — 6*5. Case 9. Frac. imperfect, conchoidal. Opaque. Lus, metallic. 
Col. lead-gray. Str. the same. B. easily fusible. Soluble easily in nitric add. 

Bather a rare mineral. Sweden, Saxony, Bohemia, Norway, Siberia, Cornwall, and 
Comherlaud. 

Stannine. — Sulphurei of Tin, Tin Bgrites. — (2Cu® S + Sn S®) + (2Fo S Sn S*) 
cubic. 11 4*0 G = 4*3 — 4*51. Case 9. Frac. uneven. Opaque. Lus. metallic. 
Col steel-gray, inclining to bronze-yellow. Sir. black. BritUo. B. fhsiblc. Blue 
solution in nitric acid. 

Found in veins in Bohemia and Cornwall. Sometimes called bell-motal ore, ihim its 
yellowish tinge ; distingiushed from copper pyrites, and falilerz by its colour and black 
streak. • 

CismiMeat.'^Svdphurei of Mercury, Fcrilomous Buby Blende.~-TLg S zhombohe- 
dzal. H 2*5 — G 8*0 — 8*2. Case 9. Semitransparent, translucent on the edges. 
lAts. adamantine. Col. cochineal-red, passing into lead-gray and soarlet-rod. Sir* 
scarlet. SeotUe. Soluble in nitro-muriatic acid. 

In beds and veins. Spain, Syria, Bohemia, Saxony, the Hartz, the Ural, Mexico, Perp, 
China, Japan. It is the most abundant and important ore of mercury. VemiUon is pure 
cinnabar, and is used as a pigment and in colouring red sealing-wax. 



500 


SULPHIDES. 


Azgentito.— of Silver, Henkelite, Uexakedral Silver Glance.^Ag S cubic. 
H 2*0 — 2*5 G 7*196. Case 10. Frac, uneven, hackly. Opaque. 1am, metallic. 
Ooi, blackish, lead-gray. Sir, shining. Malleable. B. fusible. Soluble partially in 
ooncentrated nitric acid. 

Found in veins. Saxony, Norway, Bohemia, Hungary, the Ilartz, Spain, Sardinia, 
Siberia, Mexico, Peru, Cornwall. A valuable silver ore. 

Stembevglte. — Flexible Silver, Prismatic Eutom Glance, — Ag S 2Pe® 
piismatic. 11 1*0 — 1*5 G 4*215. Case 10. Lus, metallic. Col. pinchbeck-brown. 
Sir, black. Scctile. B. fusible. Decomposible by nitro-muriatic acid, leaving sulphur 
and chloride of silver. 

Found in veins with pyrargyrite and argeutite. Bohemia and Saxony. 

Antimonite. — Sulphurci of Antimony, Gray Antimony, Prismatio Antimony 
Glance. — Sb prismatic. II 2*0 G 4*6 — 4*7. Case 10. ■ Frac. conchoidol, imper- 
fect. Opaque. Im. metallic. Col, lead-gray. Sir, lead-gray. ScctUc. B. fusible. 
Soluble in warm hydrochloric acid. 

Found in veins in granite and slate rocks. Hungary, Transylvania, Saxony, the Ilartz, 
France, Tuscany, Cornwall, Spain, North and South America. Almost Uie only ore of 
antimony found in sufficient quantities for commercial purposes. 

Plumoslte. — Capillary Sulphuret of Antimony, Federerz, — 2 Pb S Sb S'* 
II 3*0 G 5*7 — 5*9. Case 10. Opaque. Ltis. metallic, feeble. Col. blackish lead-gray. 
Scctile. 

Found in flexible, flue, capillary crystals in veins with antimonite, galena, &c. The Hartz. 

Boumonite. — Pltmbo^eupriferoue Sulphuret of Antimmy^ IHpriematic Copper 
GlancG,^[Z Cu* S + Sb S^) + 2(3 Pb S -f- Sb S®) prismatic. H 2*5 — 3*0 G 5*70 — 
5*87. Case 11. Frac. conchoidal, uneven. Opaque. Lue. metallic. Col. steel-gray 
Str. the same. Brittle. B. fusible. Partially soluble in nitric acid. 

Found in veins in slate rocks. The Hartz, Saxony, Transylvania, Hungary, Savoy, 
France, Piedmont, Cornwall, Devonshire, Siberia, Mexico. Used us a copper ore when 
found in sufficient quantity. 

'Wolehite^Antimonial Copper prismatic. 11 3*0 G 5*7 — 5*8- 

Frac. imperfect, conchoidal. Opaque. Lue. metallic. Col. blackish lead-gray. Str. the 
same. Brittle. B. fusible. 

Found in a bed of chalybite at St. Gretrand in Carinthia. 

Wolfsbevgite. — Sulphuret of Copper and Antimony. — Cu^ S -{- Sb S^ prismatic. 
H 3*5 G 4*748. Frac. conchoidal, uneven. Opaque. Lue. metallic. Col, lead-gray, 
iron-black. Str. black, dull. B. fusible. 

Found with quartz* and other minerals at \yolfsbeTg in the Hartz. 

Boulangcrite*— of Antimony and Lead, Embrithite. — 3 Pb S Sb S^ 
n 3*0 G 5*^ — 6*0. Case 11. Opaque. Lue. metallic. Col, bladdsh lead-gray. 
Str, darker. .Slightly brittle. B. fusible. Soluble in warm hydrochloric acid. 

Found in granular or fibrous masses. France, Sayn, Lapland, Siberia. 

Schuliita. — Geokronite, KUbricIcenite.'—b Pb S Sb S^ priamatic. H 2*5 — 
3*0 — G 5*8 — - 6*54. Frac, conchoidal, oven. Opaque. Lue, metallic. Cnl, lead- 
gray. Str, the same. Brittle. B. easily fusible. 

Found in galena. Spain, Tuscany, Sweden, Ireland. 
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Ziackenite. — Rhomhohedral Dystom Glance^ — ^Pb S Sb piiamatic. II 3*0 
— 3'5 G 5*30 — 5-36. Caao 11. Frac. uneven. Opaque. Xt«. metallic. Col. dark 
steel-gray. Str. the same. Slightly brittle. B. fusible. Decomposed by warm 
hydrochloric acid, forming chloride of lead. 

Found in a vein with antlmouito and quartz at Wolfsbcrg, in the Hartz, and near St. 
Trudport in the Black Forest. 

Jamesonite. — Axotomous Antimony Glance. — 3 Pb S -f- 2 Sb piiamatic. H 2*0 
2*5 G 5*564 — 5*616. Case 11. Opaque. Lus, metallic. Col. steel-gray. Str. the 
same. Ductile. B. easily fusible. Decomposed by warm hydrochloric acid, forming 
chloride of lead. 

Found sometimes with boumonite. Cornwall, Estramadnra, Hungary, France, Siberia, 
Brazils. 

ISerikAeAtew^Haidingmie, Sulphuret of Antimony and Iron. — Fo. S -j- Sb 
H 2 0 .... 3*0 G 4*0 — 4*3. Case 11. Frae. uneven. Lm. metallic. Col. iron- 
black. B. fusible. Soluble in hydrochloric acid. 

Found in crystalline masses in gneiss. Auvergne, La Creuse, Saxony, Hungary. 
Yields antimony of such inferior quality that the manufacturers cannot use it. 

Steplianite.^^»*t7f2l0 Sulphuret of Silver^ Prismatic Melant Glance^ Black Sulphuret 
of Antimony and Silver.— G Ag S + Sb psiamatle. II 2*5 G 6*2 — 6*3. Case 11. 
Frac. conchoidal, uneven. Opaque. Lus. metallic. Col. iron-black. Str. the same. 
Scctilc. B. fusible. 

Found in veins in crystalline slate rocks, transition rocks, trachyte. Saxony, Bohemia, 
Hungary, the Hortz, Mexico. This is a valuable ore of silver. 

Prouatite. — Bed Silver^ Buby~blende.—B Ag S 4- As S’ vhomlbohedxal. H 2*0 — 
2*5 G 5*5 — 5*6. Case 11. Frac. conchoidal, uneven. Semi-transparent. Xt/e. ada- 
mantine. Col. cochineal-red, carmine-red. Str. Aurora-red. Slightly sectilo. B. easily 
fusible. Soluble partially in nitric acid. 

Found with oUier minerals in veins. Saxony, Bohemia, Baden, Alsace, Dauphine, Spain, 
Mexico, Peru. 

Pyzoxgyiite. — Bed Silver, Sulphuret of Silver and Antimony, Bhomhohedral Buby^ 
blende. 3 Ag S + Sb S*^ xhombokedial. H 2*0 2*5 G 5*75 — 5*85. Case 11. 

Frae. conchoidal. Translucent on the edges. Opaque. Lus. adamantine. Col. ada- 
mantine-red, blackish lead-gray. Str. cochineal-red, cherry-red. Slightly scctilc- 
B. easily fusible. Soluble partially in nitric acid. 

Found in veins in crystollino slate and transition rocks, granite and trachyte. The 
Hartz, Saxony, Bohemia, Baden, Hungary, Mexico, Cornwall. Distinguished from red 
orpiment by the yellow streak of the latter and its specific gravity; from cinnabar by forming 
a metallic globule before the blowpipe. A valuable ore of silver. 

Hllazgyzita. — Hemprismatie Buby-blende. — Ag S Sb S^ oblique* H 2*5 
G 6*3 — 5*4. Case 11. Frae. imperfect, conchoidal. Opaque. Lus: adamantine. 
Col. blackish lead-gray. In thin splinters,— blood-red by transmitted light. Str. 
Cherry-red. Very sectile. 

A very rare mineral, from Baiinsdorf, in Saxony. 

KobolUte. — Sulphuret of Antimony, Lead, and Biemuth.-~{Z Fe S -f* 2 Sb* S’J 
4 (3Pb*S + Bi’S’). Soft. G 6*29 — 6*32. Case 11. Opaque. Lue. metallio. 
Col. dark lead-gray. Str. black. 

Found in the cobslt mine of Hvena, Sweden. 
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Jferf AnUmoviy^ PrUmatic Purple Blende SuXphuret of Oxide of Antimony, 
^Sb 0* "I* 2 Sb o1ill^ii6a H 1*5 Gr 4*5 — 4*6. Caso 38. Faintly translucent* 
ZtM. adamantine. Col cherry-red. 8tr, the same. Sectilc. B. fusible. Soluble in 
hydrochloric acid. 

Found in yeins in crystalline} slate, and transition rocks. Saxony, Bohemia, Hungary, 
Dauphine. 

Vlaeioidt«.~JZemt]pr«smafM Byatan Glance.^ Fb S -|- d Sb S^ oblique, H 2*5 
G 5*4. Caso 12. Proe, imperfect, conchoidal. Opaque. Xua. metallic. Col 
lead-gray. Btr, the same. Brittle. B. fusible. 

Found in a yein of quartz. Wolfaberg, in the Ilartz. 

reuevblende.--n 2 0 G 4*2 oblique. Translucent. Lm. pearly. Sectilo and 
rather flexible. 

Found in the Surprlnz, near Freiberg, and at Andreasberg. 

Fa]ilexs.>-t7r^y Copper^ Tetrahedral Copper Ghnee, (4 Pb S, 4 Fe S, 4 Zn S, 
4 Cu2 S) + Sb S3 cubic. H 3*0 — 4 0 G 4*5 — . 5*2. Case 12. Frae, conchoidal, 
uncYcn. Opaque. Lus, metallic. Col steel-gray, iron-blaqjk. Sir. black, dark red. 
Bather brittle. B. fusible. Decomposed by nitric acid. 

Found in beds and veins. The Hartz, Nassau, Tyrol, Transylvania, Hungary, Bohemia, 
Siberia, Mexico, Chili, Peru, Cornwall, Devonshire, East Lothian. Accompanies copper 
pyrites, is worked os a copper ore, also occasionally for the silver it contains. 

FroicBlcbcnito*— <f Silvei* and Antimony^ Peritomous Antimony 
Glanee,’^{J^ S Sb S^) -f- 2 (3 Ag S *4- Sb S®), tho Ag is sometimes replaced by 
Pb. Oblique. H 2*5 G 6*19 — 6*38. Frae, uneven. Opaque. Im, metallic. 
Col steel-gray. Btr, tho samci. Brittle. B. fusible. 

A very rare mineral, found in veins in gneiss, Freiburg in Saxony, 

Oipinciit. — YeUow Sulphuret of Arsenic^ Prismatoidal Sulphur, As. S® pvis* 
malic* H 1*5 — G 3*48. Case 12. Semi-transparent, translucent on the edges. 
Im, resinous. Col, lemon yellow. Scctile. Soluble in nitro-muriatic acid. 

Found in beds and in veins. The Hartz, St. Gotthardt, the Tyrol, Solfatara, Vesuvius, 
Goadaloupe, Japan. Employed os a pigment. 

Realgav. — Bed Sulphuret of AreeniCy MemipriemaHc Sulphur, — As. S* oblique. 
H 1*5 G 3*566. Case 12. Frae, conchoidal. Semi-transparent, translucent. Lua, 
resinous. Col aurora red. Sir, orango yellow. Sectile. B. fusible. Partially 
soluble in hot nitro-muriatic acid. 

Found in veins. Transylvania, Hungary, Bohemia, Saxony, the Hartz, Baden, Hun- 
gary, St. Gotthardt, the Tyrol, Peru, United States, Vesuvius, iEtno, Japan. Used as a 
pigment. 

Hlispickel.— Iron, Pnsmaite Arsenical Pyritea.--Yo S^ + Fe As. 
piismCrtic. cH 5*5 G 6*0 — 6*3. Case 12. Frae. uneven. Opaque. L^ea, metallic. 
Col silver-white. Sir, grayish-black. Brittle. B. fusible. Soluble in nitric acid. 

Found in veins and beds. Saxony, Bohemia, Silesia, Hungary, Transylvania, Sweden, 
Cornwall, Norway, United States. Worked as an ore of arsenic, the white oxide of com- 
merce being principally obtained from it. 

IHifrcucycitCa— 2 Pb S -f* As S® cubic. G 5*549. Frae, uneven. Claque. 
Lua, metallic. Coil steifl-gray. Str. reddish-brown. Brittle. B. fusible. Ijeeom- 
posed by hot nitric acid. 

Found in narrow veins in the dolomite of St. Gotthardt. 



SULPHIDES AND OXIDES. 


508 


Xanthocone,--(3 Ag S + As S>) + 2 (3 Ag S + As S«). ihonbohedsal. 
H 2*0 — 3*0 G = 5*158 — 5*191. Frae. conchoidal, iinovcn. Transparent, translucent. 
Lu8. adamantine. Col, orange yellow-brown. 8tr, the same, darker. Brittle. 
B. fusible. 

Found in the Himmelsrarst mine near Freiberg in Saxony. 

Gobaltine. — Bright White Cobalt^ StxagonaX Cobalt Pgritesj Cobalt Olanee , — 
Go S3 -f- Co As. enbie. H 5*5 G 6*1 — 6*3. Case 12. Frae, imperfect, conchoidal, 
uneven. Opaque. LtM, metallic. Col, silver-white. 8tr, grayish-black. Brittle. 
B. fusible. Soluble in warm nitric acid. 

Found in beds in crystalline rocks. Norway, Sweden, Silesia, tlio Banat. 

Glaucodote— -E. -f- E As where E is Co and Fc. padflinatic. H 5*0 

G z= 5*975 — 6*003. Opaque. Liis, metallic. Col dork tin-white. Str, black. B. 
fusible. 

Found in veins in chlorite slate. Hnasko in Chili. 

Uolybdenite, — 8t4lphurct of Molyhdena^ BirJmnhoJhedraly Eatom Glance , — Mo S^. 
xbombohedxal. H 1*0 ^ 1*5 G 4*5 — 4*6. Case 12. Opaque. Zua, metallic. 
Col lead-gray. Str, the sdtiic. Very sectile. Green solution with hot nitric acid. 

Saxony, Bohemia, Sweden, Norway, France, United States, Fern, the Brazils, Cornwall, 
Cumberlaiid, Westmoreland, InvcrnesS'Shiro. 

Voltsine. — 4ZaS -f- ZNS. II 4*5 G 3*66. Frae, conchoidal, translucent on the 
edges. Opaque. Las, pearly. Col brick-red. 

Found in a vein of quartz. Eosidres, Puv de Dome in Franco, and in some zinc 
furnaces. 

Manganite- — Crag Oxide of Manganese^ Prismatoidal Manganese Mn^O^ -f- 

HO. yxiBinatic. II 3*5 — < 4*0 G 4*22 — 4.34. Cose 13. Opaque. Las, metallic, im- 
perfect. Col, dark steel-gray, brownish, black-velvot-black. Sir, reddish-brown. 
Brittle. B. infusible. Soluble in hydrochloric acid. 

Found in veins in porphyry, gneiss, and cavities of amygdaloidal trap. The Hortz, 
Thuringia, Aberdeenshire, Norway, Sweden, Nova Scotia. I’he purest and most beautifully 
crystallized ore of manganese. 

Pyrolusite. — Pristnatie oxide of Manganese, Anhydrous Peroxide of Manganese,'--- 
MnO®. pxismatic. H 2*0 — 2*5 G 4*7 — 5*0, Caso 13. Frae, uneven. Opaque. 
Col, dark steel-gray, light iron-black. Brittle. B. infusible. Soluble in hydrochloric 
acid. 

Found at Thuringia, Moravia, the Hartz, Saxony, Bohemia, Austria, Silesia, tho 
Brazils. It is an ore of manganese most extensively worked in many countries. It derives 
its name from wvp jire, and Aou» I wash^ on account of its property of clearing glass 
from its hrown and green tints, a property which makes it of griiot value to the manufac- 
turer. Vareasilc is supposed to bo a mechanical mixture of pyrolusHe and mtmganile, 

Pollaaita^— MaO% pitaiiiatlc. 11 6*5 — 7*0 G 4*838 — 4*880. Case 13. 
Opaque. Las, metallic, feeble^ Col, light steel-gray. Str, gray, B. infusible. 
Soluble in bydrochloiic acid. 

Found in Bohemia, Saxony, and Siegen. 

Psllonelaiie .— Manganese Ore, eompaet and fkrom Manganese Ore^ 
or Black Eematite,--^AmotphoxLa^ II 5*0 — 6*0 G 3*7 — 4*4. Case 13. J^ae, 
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even, flat, conchoidal. Opaque. Iau* metallic, imperfect: Col. blui^-black, grayish- 
black, dark steel-gray. Sir, brownish-black, shining. Brittle. 

The Hartz, Saxony, Styria, Siegen, Black Forest, Silesia, Bohemia, Hungary, Norway, 
Devonshire, Cornwall, North America. One of the most widely difHised ores of manganese : 
it derives its name if/ikSs smooth, and ficAor black, from its black colour and smooib 
botryoidal shapes. 

Bsaunlte. — Brachytypom Manganese Mn-O^, pyramidal. II 6*0 — 6*5 
G 4*8 — 4‘9. Case 13. Frac. uneven. Opaque. Las. metallic, imperfect. Col. 
dark brownish-black. Sir, brownish-black. Brittle. B. infusible. Soluble in 
hydrochloric acid. 

Found in veins in quartzose poiplijTj'. Thuringia, Mannsfcld, Westphalia, Piedmont. 
Distinguished from other ores of moiiganose by its hardness. 

Haosmannite. — Pyramidal Manganese Orcy Bloch Manganese, — MnO Mn^O^, 
PSnramidal. II 5 0 — 5-6 G 4*7 — 4*8. Case 13. Frae. uneven. Opaque. Iais. 
imperfect metallic. Col. brownish-black. Sir. dark reddish-brown. B. infusible. 
Soluble in warm hydrochloric acid. 

Found in veins in porphyry. Oehrenstock in Thuringia,. Shelefield in the Hartz. 
Bather a scarce mineral. 

Wadt — Hydrous Oxide of Manganesoy Earthy Manganese, — Amoxphons. H 6*5 
G 2‘179 — 3*700. Case 13. Opaque. Las. imperfect, metallic, feeble. Col. clove- 
brown, passing into gray. Sir. brown, shining. Very sectilc, unctuous to the 
touch. 

The Hartz, Franconia, Siegen, Nassau, Carinthia, Piedmont, Mayenne, Arricge, Comwalb 
and Devonshire. Supposed to afford tlye colouring matter in dendritic delineations upon 
limestone, steatite, and other substances. 

Csednezite.— Oortis of Manganese and Copper. — Cu 0 -f- (Mn 0 -f- Mn^ 0^} 
oblique. H 4*5 — 5*0 G 4-89 — 5*07. Frac. uneven. Las. metallic. Col. iron 
black. Sir. black. Soluble in hydrochloric acid. 

Found at Friedrichrode in Thuringia. 

Senaimontite.— Sb 0^. cubic. H 2*5 — 3*0 G 5*22 — 5*30. Frae. uneven, 
lamellar. Transparent-translucent. Las. resinous. Colourless. Sir, white. B. fusible. 
Soluble in nitro-muriatic acid. 

Found at Sensa in Algiers. 

Hagnotite. — Magnetic Iron OrCy Octahedral Iron Ore, Oxydvdated Jron.— Fc 0 -f- 
Fe® 0®. cubic* H 5*5 — 6*5 G 4*96 — 5*20. Case 14. Frae. conchoidal, uneven. 
Opaque. Las. metallic. . CoL iron black. Sir. black. B. fusible with gpreat difficulty. 
Soluble in warm hydrochloric acid, highly magnetic, more so than any other ore of 
iron. 

Found in Norway, Sweden, Lapland, the Ural, the Hartz, Saxony, Bohemia, Corsica, 
Elba, the Savoy, Spain, New York, New Jersey, Mexico, the Brazils, East Indies, Cornwall, 
Wicklow. Siberia and the Hartz produce the most powerful natural magnets or loadstones. 
This ore is distinguished fh>m specular iron by its streak and action on the magnet; it is a 
very valuable ore, the steel made from its iron being excellent in quality. 

Hematite*— Irony Bed Iron Orsy Rhomhohedral Iron Ore, Iron illancCy 
Oligiste Profi.— Fe® 0®. xhombohedial* H 5*5 — 6*5 G 5*0 — 5*3. Case 15. Frae. 
conohoidal, uneven. Opaque, very thin laminse tranducent. Las. metallic. Col. 
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steel-gray, iron blade. Sir. eberry-red, reddisb-brown. Brittle. B. infusible. Soluble 
in warm bydrocbloric acid. 

Found chiefly in beds and veins in the older rocks. Elba, the Alps, Saxony, Brazils, 
Salzburg, Cornwall, Lanarkshire, Siberia. A considerable portion of the iron produced in 
different parts of the globe is obtained from this ore ; it requires a greater heat than some 
other ores, but affords on excellent metal. Ground hematite is used for polishing metals 
and glass, and also as a colouring substance. 

Gothite . — FrUmatie Iron Ore, Hydrous Oxide of IroHj Brown Jwtnaiite^ Pyrrhoeideriie 
Owryite.— Fe* 0® -f- H 0. prisinatic. II 6*0 — 6*5 G 4*12 — 4'37.- Case 16. Frae. 
imperfect, concboidal. Translucent on the edges. Opaque. Ims, adamantine. Col, 
yellowish-brown, reddish-brown, blackish-brown. Sir, yellowish-brown. Brittle, 
B. fusible with great difficulty. Soluble in hydrochloric acid. 

In veins and cavities. Clifton, Cornwall, Oberstein, Bavaria, Nassau, Saxony, Silesia, 
Bohemia, Hungary, Russia, Mount Sinai, Brazils. A good iron ore. 

Limnite * — Brown Hematite^ Hydrous Oxide of Iron, — 2 Fe® O^ + SIIOHo'O — 
6*6 G 3*4 — 3*96. Case 16. Opaque, lus, resinous. Col, yellowish-brown, blockish- 
brown. Sir, yellowish-brown. Brittle. Soluble in warm hydrochloric acid. 

Carinthia, Styria, Hungary, Saxony, Nassau, the Hartz, Black Forest, Bohemia, Silesia., 
the Pyrenees, Spain, Scotland, Cornwall, Siberia, Brazils, United States. 

Tuigite. — 2 Fc® 0® -|- n 0. massive. II 6*0 G 3*66 — 3*74. Frae, even, con- 
choidal. Opaque. Lus, dull. Col. brownish-red. Sir. blood-red. B. infusible. 

Found in copper mines in the Ural and the Altai. 

Cupxite . — Red Oxide of Copper^ Ruby Copper^ Octahedral Copper Ore. — Cu® 0. 
cubic. H 3*6 — 4*0 G 6*89 — 6*16. Case 17. Frae. concboidal, uneven. Semi- 
transparent, translucent on the edges. Lus. adamantine. Col. cochineal rod, lead- 
gray. Sir, brownish-red, shining. Brittle. B. reducible. Soluble in nitric acid, and 
in ammonia. 

Found in beds and veins in granite and crystalline slate rocks. The Banat, Siberia, 
Lyons, Cornwall, Cuba, Spain, Saxony, Norway, Australia, Peru and Chili. 'When found in 
sufficient quantity one of the most valuable ores of copper. 

Ice.— II 0 sbombohedxal. H 1*6 G 0*918 at 0° centigrade. Frete, concboidal. 
pellucid. Lus. vitreous. Sectile, rather brittle. 

Hexagonal prisms said to be observed in the levels of the Lorenz Gengentmm mine near 
Freiberg. 

bite, — Ir 0®-)- Os 0®, Cr 0® probably, cubict = 6*066. Case 2. Lus. metallic. 
C6L iron black. Insoluble in acids. 

In fine scales in cavities of the larger pieces of platinum, and in the ferruginous platinum 
sand of the Ural. 

PeiicUuie — Mg 0. cubic. II 6-0 — G 3*76. Transparent. ^ Lus. vitreous. 
Col. dark green. B. infusible. Soluble when in powder in acids. 

Found in Monte Somma near Naples. 

Mncitt.~~Rhornhoh€dral Huphon G/imf/ter.-^Mg 0 -|- HO. ihcmbobcdMl. 
H 2*0 G 2*3 — 2-4. Frae. scarcely observable. Semi-transparent-tranducent. Lus. 
pearly. Col white, sometimes inclining to gray and green. Sir. white. Sectile. 
B. infusible. Soluble in acids. 

Found in serpentine. New Jersey, New York, Scotland, Siberia. 
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Oxide of Bismuthj'^i 0^ Soft. G 4*361, 
Case 17. Frac. unovcn, earthy. Opaque. Lm, adamantine, feeble. CoL yeUov-gray, 
yariahk. B. reducible. Soluble in nitric acid. 

Found with bismuth in Saxony, Bohemia, Siberia. 

8pavtaUt6 « — Bed Oxide of Zine^ Zincite^ SpartalUe^ Red Zino^ Primatio Zine Ore . — 
Zn 0. Rhombohediral. II 4*0 — 4*5 G 5*43 — 5*53. Case 17. Frae. conohoidal, 
Translucont on the edges. Lue. adamantine; when pure colourless, usually red, 
inclining to yoUow. Sir. orange-yellow. Brittle. B. infusible. Soluble in nittio 
acid. 

Found in beds with iiranklinite and calcite in iron mines in New Jersey and near 
Sparta. Also found distinctly crystallued in tho iron and zino famaces of Silesia and 
Liego. 

Fxanklinlte . — BodeeaJiedral Iron Ore . — BO -f- B^^ 0^ where B is Fe, Mn, or 
Zn, and B', Fe, or Mn. cubic. II 6*0 — 6*5 G 6-07 — 5*13. Case 17. Frae. con- 
choidal. Opaque. Lue. metallic. CoL iron-block. Sir, dark brown. Brittle. B. 
infusible. Soluble in warm hydrochloric acid. 

Found with sportalito and colcitc in New Jersey; with calapiine and smithsonite at 
Altenberg. A rare mineral, distinguished from magnetic iron by its streak. 

Aabolane . — Earthy Cobalt^ Black Cobalt Ochre^ Black Oxide of Cobalt , — (Go 0 or 
Cu 0) -f- 2 Mn 03-1-4 110. amoirphous. H 1*0 — 1*5 G 2*2. Case 17. Frae, 
conchoidol. Opaque. Lm, resinous, glimmering, dull. Col, Bluish and brownish- 
black, blackiah-bluc. Str, black, shining. Scctilc. B. infusible. 

Found in Thuringia, Hessia, Black Forest, Lusatia, tho Tyrol, Siberia, Cheshire, Howth, 
near Dublin. Used in the manufacture of smalt. 

Pechuxan.— Blende^ Uran Ochre^ Jlraim^ Oxide of Uranium . — U 0 -J- TT® 0®. 
cubic. II 5*5 G 6*4 — 6*71. Case 17. Frae, conchoidsd, uneven. Opaque. Las, 
resinous. Col. pitch-black, greenish-black, grayish-black. Str, grccnish-black. Brittle. 
B. infusible. Dissolves in hot nitric acid. 

b'onnd accompanying ores of silver and lead. Saxony, Bohemia, and GomwalL A 
valuable ore for the porcelain painter, producing a fine orange colour, and also a black. 

Kinium , — Native Minium, Red Oxide of Leadj Memige ,. — 2 Pb 0 Fb 0® 
H- 2*0 — 3*0 G 4*6. Case 18. Frae. earthy, even, flat, conohoidal. Opaque. Las, 
resinous. Col, aurora red. Str. orange-yellow. B. fusible. Partially soluble in 
nitric acid. 

Found in veins in clay slate. Anglesea, Yorksliiro, Siberia; often a produce of the 
decomposition of other lead ores. 

Gassltexlte . — Oxide of Tin, Tin Stone, Pyramidal Tin Ore , — Sn 0®. pyxaxnldal. 
H 6*0 — 7*0 G 6*8 — 7*0. Case 18. Frae. imperfect, conohoidal. Semi-transparent. 
Opaque. Lae, ^montine. Col, colourless, gray, yellow, red, brown-black. Str, 
light-gray, light-brown. Brittle. B. infusible. Not acted upon by acids. 

Fomid in vsuib and beds. Sumatra, Siam, Pegu, Malacca, Brazils, Cornwall, Bohemia, 
Saxony, SileBia, Spain, France, Mexico, Chili, Sweden, Russia, North and South Amoriea. 
A valuable tin ore. Upwards of 4000 tons of tin are annually obtained from the mines in 
Cornwall. It is extensively used for covering vessels of copper and uron; also i]f*the 
composition of pewter, and for mirrors. The muriate of tin is of great value to the dyer 
and calico printer. 
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Plattnesite. — Superoxyd Fb 0^ xhombohedxal. G 9*392— >9*448. 

Frae, un/eyezL Opaque. Lits, adamantixie. Col, iron-black. Sir* brown. Brittle. 
B. easily reduced. * 

Supposed to have been found at Leadhills. 

Goraiiiiram.— Corundum^ Corindon, — A10>. vhombohediml. H 9*0 
Qt 3>93 — 4*08. Case 19. Frae. conchoidal, uneven. Transparent, translucent on 
the edges. Col. white, colourless, red, blue, green, yellow, brown, and gray. B. 
infusible. Insoluble in acids. 

The red varieties are called rubies and the blue sapphires^ and are found in gravel and 
river sand in Ceylon, Pegu, the Elbe, Bohemia, and Puy in France. The other crystallized 
varictieB are called corundum^ and adamantine spar when of a brown colour, and are found in 
China, Ceylon, the Carnatic, Mysore, the Ural, Piedmont, Sweden, Lapland, New Jersey, 
Connecticut, Xhe Bbine. The granular and massive variety called emery is found in Saxony, 
Itfidy, Spain, and Asia Minor. The red sapphire, or oriental ruby, when perfect in colour 
and transparency, and of a considerable size, almost rivals the diamond in value. Some of 
the blue sapphires, cut perpendicularly to the axis of the six-sided prisms, present a bright 
opalescent star with six rays, and are called star sapphires, Emery is used extensively for 
polishing and cutting gems, stones, and other articles. • 

Diaspove. — EuJclastie^IHathene Spar, — ^A1 0^ -f- II 0. prismatic. II d'o G 3*30 
— 3*43. Case 19. Frac, conchoidal, uneven. Transparent, translucent. Lns. vitreous, 
pearly. Col. colourless, white, green, blue, dark violet, yellowish-brown. Str, white. 
B. infusible. 

Found in .tlio Ural, Hungary, St. Gotthardt, Ephesus. An extremely rare mineral- 
distinguished from kyanite by its superior lustre. 

Hydmxgilllte.— A1 0^ 3 H 0. xhomboliedxal. II 2*d — 3*0 G 2*340 — 
2*387. Case 19. Lus. vitreous, pearly, bright. Col. colourless, light reddish-whito. 
B. infusible. Soluble with difficulty in hot sulphuric acid or hydrochloric acid. 

The Ural, Brazils, and Massachusetts. 

▼olknerite,^6 Mg 0 -|- Al^ 0^ + 16 HO. xhombohedml. G 2*04. Lus. 
^pearly. Col. white. Unctuous to the touch. B. infusible. Soluble in acids. 

Found at Schischimskajo, in tlie Ural. 

SpineUe. — Alumimte of Magnesia^ Dodecahedral Cbnmdtfm.— Mg 0 A1 0^. The 
Mg sometimes replaced by Fe, and the A1 by 2 Fe. Cubic. H 7*6 8*3 G B'52 — 

3*95. Case 19. Frac. conchoidal. Transparent, translucent, opaque when black. 
Lus. vitreous. Col, white, red, blue, green, yellow, brown, black. Str. white. Brittle. 
B. infusible. Insoluble in hydrochloric acid, partially so in sulphuric acid. 

Bed and vioUi spinelle, found in alluvial soil and in the sand of rivers. Ceylon, Avn, 
Mysore. The scarlet is called the spinelle ruby; the rose-red, halos ruby; the yellow or 
oronge-rcd, the rubicelle ; and tho violet-coloured, almandine ruby. Blue spinelle in granular 
limestone and dolomite; Sweden, Finland, 3Ioravia, and Ceylon. BlacJ^ spinelle^ called 
pleonaste ; Ceylon, Bohemia, Montpellier, the T^toI, Vesuvius, the Ural, New York. UTiite 
spinelle^ found with black garnet and green aiigite, at La Ricia, near Rome. Crass green 
spinellCt called chlaro-epinellc, in the chlorite slate of Slutoust, in the Ural. The spinelle 
ruby is a gem, and when well coloured and large is highly prized. Distinguished from the 
oriental ruby by being softer, from garnet by its lighter colour, and from red topaz, whose 
colouj^ has been produced oitilicially, by its not possessing double refraction. 

Oalmite. — Auiomdlite^ OetaJ^dral Corundum. — Zn 0 A1 0^, part of the Zn. 
being ireplaced by Mg and Fe, and part of the Al by 2 Fe. Oubia. H 7*5 — 8*0 
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G 4-23 — 4 29. Case 19. Frae. conchoidal. Ltu. vitiwus. Col. dark Icck-grccn, 
blaokuh-green, grajiah-greeo, Muo, black. 8tr. gray- Brittle. B. infiuible. Not 
acted upon by acids. * 

Found embedded in tiilc slate, in Sweden, Finland, Connecticut. 

ChryBObezyl. — Cy^nophane^ Prismatic Corundum. — G 0 + A1 O’, prismatic. 
H 8’o G 3*680 — 3*754. Caso 19. Frac. conchoidal. Transparent, semi-transparent. 
Ims, vitreous. Col greenish-white, asparagus-green, oil-green, greenish-gray. Str, 
white. B. infusible. Insoluble in acids. 

Found in the Ural, Connecticut, New York, Moravia, Ceylon, Pegu, the Brazils. When 
transparent and cut with facets, it forms a brilliant yellow gem. When it presents its 
peculiar milky or opalescent appearance, from which it derives the name of cymophane^ or 
floating light, it is cut en cahochon, Chryaohsryl is distinguished from moonstone and opalescent 
quartz by its superior hardness ; from yellow topaz by not becoming electric when heated. 

Wolfiramochev .— of Tungsten. — 0^ earihy. Opaque. Lus. dull. Col 
yellow. Soluble in ammonia. 

Found at Iluntington, in the United States, with wolfram and scheelite. 

Co&cite.— IP O’, amoiphoua. H 3*0 G 4*378. Frqe, uneven. Col pitch- 
black. Str. gray. B. infusible. Soluble in hydrochloric acid. 

Found on the north shore of Lake Superior. 

Plombgomme. — Uydrouz Aluminate of Lead^ Plnmho Resinite. — (PbO 2AL-0’} 
-f- 6110. globulai maaaea. H 5 G 4*88 — 6*421. Case 19. Frac. conchoidal. 
translucent. Lus. resinous. Col. yellowish, reddish-brown. Str. wliito. B. fusible. 
Soluble in concentrated nitric acid. 

]*'ound in Brittany, Cumberland, and Missouri, in lead mines, kluch resembles some 
varieties of mammilated blende. 

Quarts . — Uhomhohedral Quartz^ Rock Crystal— rhombohedral. 11 7*0 
G 2*5 — 2*8. Cases 21-24. Frac. conchoidal. 'Transparent, translucent. Lus. vitreous. 
Col. white, colourless, violet, blue, rose-red, brown, green. Str. white. B. infusible. 
Insoluble in all acids except hydro^fimric acid. 

Amethyst. — This term is now applied to all the violet, purple, blue, white, yellow, and 
green crystals of quartz which, when fractured, present the peculiar undulated structure 
described by Sir David Brewster,— it was formerly restricted to the violet specimens. The 
finest violet amethysts are found in Siberia, India, Ceylon, and Persia ; when uniform in 
tinge, and transparent, they form a gem of great beauty. Crystals of inferior colour to these 
are found in Transylvania, Hungary, Saxony, the Hartz, and Ireland. White and yellow 
crystals from the Brazils, when cut, are frequently substituted for the topaz. 

Rock This term is used for the transparent crystals found in Switzerland, 

Savoy, Dauphine, Piedmont, Quebec, Bristol, Ireland, When pure, it is cut into lenses 
for spectacles, called pebbles ; it is also used for vases and other ornamental purposes. 

Smoky Qiiar/r.— Applied to the wine-yellow, clove-brown crystals found in Scotland, 
Bohemia, Pennsylvania, and the Brazils ; ^so called the Scottish cairngorum^ and much used 
as an ornamental ktone. 

Rose or Milk Quarts. — ^Massive quartz of a rose-red and milk-white colour, found in 
Bavaria, Finland, and Connecticut. 

Pni^e.— Quarte, coloured of a dark leek-grecn by admixture of amphibole, found massive 
in the iron mines of Saxony. 

fiftdenfr.— Indigo or berlin-blpe quartz. Saltzburg. , 

Common Quarts comprehends all the massive varieties of quartz not mentioned above ; it 
is found in great abundance, forming veins in primitive and transition rocks, sometimes 
many hundred feet in thickness. 
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Ham»ioM^ Flinty Slate^ Lydian Slone, and Flint, are names given to the compound varie- 
ties of quartz which possess a fine texture, 

Float-etone, or epongifonn quartz, consists of numerous minute white or gray crystals 
of quartz, which will swim on water, till the air in its numerous cavities is displaced. 

Chalcedony is a mixture of crystalline and amorphous quartz, found at Cholcedon, in Asia 
Minor, Iceland, Faroe Islands, Hungary, Western Islands, Cormvull, India, and Siberia. 
The red, brown, and yellow varieties are called carncliane ; the yellow arc known to lapi- 
daries as earde, Most oriental cornelians are originally dark gray, and owe their fine red 
hue to an artificial exposure to heat; found in Arabia, India, Surinam, Saxony, and Scotland. 

Agates are composed of irregular layers of chalcedony of various colours. 

Mocha-stone nvAmoss-agates, are transparent varieties, 

The onyx is formed of chalcedony, arranged in alternate layers of different colours. 

Catseyo is chalcedony of a brownish-red or greenish-gray colour, penetrated by ami- 
anthus, and exhibiting a play of light; found in Ceylon and Malabar. 

Chrysoprase is of an apple-green colour, produced by oxide of nickel ; found in Silesia 
and Vermont. 

Avanturine contains many minute fissures or else scales of mica, which reflect bi'iglit 
points of light, and give polished specimens a shining spangle- like appearance ; loiuid 
in Spain and India. 

Plasma, a transparent chalcedony of a grass-green or leek-gi*een colour; found in India 
and China. 

Heliotrope, or hloothstoJis, chalcedony coloured by a green earth, and containing spots of 
yellow or blood-red jasper ; found in Hucharia, Taitary, Siberia, and the Hebrides. 

Iron-flint, FAsenkiesel, or ferruginous quartz, contains five per cent, of inm; is found in 
Saxony, Bohemia, and Hungary. 

Jasper is rendered opaque by a mixture of iron and clay. 'I'ho striped Jasper, from 
Siberia, Saxony, and Devonshire, is distinguished by its libbon-like delineations; the 
Egyptian jasper, by its red and brown colours and globular structure. 



Fig. 895. Fig. 396. 


Fig. 395 is a crystal of quartz in the British Museum^ which ^ows must beauti- 
fully the gradual growth of crystals ; a transparent hexagonal crystal, terminated by 
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its planes, similar to Fig. 395 or Fig. 396, was first formed of pure quartz, a deposit 
of green chlorite then took place on its terminal planes, the crystal was then increased 
by fresh accessions of silica, still retaining its proper crystalline form, when, after it 
had considerably increased, another sprinkling of chlorite fell upon its terminal planes; 
this seems to have been repeated four times. The crystal being yeiy transparent, the ' 
chlorite reveals most distinctly four successive stages of its formation. Fig. 396 
is a specimen of Egyptian jasper in the British Museum, which is remarkable on 
account of the natund markings of its fractured surface representing a very tolerable 
likeness of Chaucer, the poet. 

Many agate, onyx, and cornelian cylinders were brought from the ruins of Nineveh, 
by Mr. liayard. 

The moss agates, heliotropes, and flints, from the upper beds of chalk, contain 
marine organisms, principally sponges. 

Opal. — Resinous Quartz, Vneleavahle Quartz, — Amoiphons. H 5-5 — 6-5 G 1-9 
— 2-3. Case 24. Frae, conchoidal. Transparent, translucent. Lus, vitreous. Col, 
colourless, white, yellow, red, brown, green, giay, black. Some varieties exhibit a 
beautiful play of colours. Very brittle. 

Hyalite, or Muller's glass appears in small uniform, botryoidnl, and sometimes staloctitic 
sliapcs, either of a white colour or transparent ; found in amygdaloid and in clinkstone. 
Frankfort, Hnngiiry, and Bohemia. 

Fire opal, or girasol of the French, possesses bright h3‘acinthrcd and yellow tints; found 
in Mexico find the Faroe Islands. 

Noble opal, or precious opal, includes all those specimens which exhibit tlie play of pris- 
iiiatio colours; these ore found embedded in porphyry at Ozervenitza in Hungary and 
at Honduras in America, also in Mexico and in Iceland. AVhen large and pure, it is con- 
sidered a gcni of grant value. 

Common epul aiod semrspal arc devoid of the play of colours, and arc distinguished by 
their different degrees of tran^arency, lustre, and perfection of their conchoidid fracture ; 
found in poiphyiy and in the cavities of amygdaloid rocks, Hungary, Faroe, Iceland, Giant's 
Causeway, and the Hebrides. 

CachoUmg, nearly opaque, contains a small portion of idumina, and adheres to the 
tongue; Bucharia, Faroe, loebnd, and Giant’s Causeway. 

Hykrophane is a variety of opal Which is opaque when dn-, but transparent when immersed 
in water; Saxony. 

Wood opal is distinguished by its ligneous structure and semi*transparcucy ; found in 
Hnngaxy, Transylvania, Bohemia, Faroe, and New South Wales. 

SUkfeous sinter, a deposit from hot springs ; the Geyser, in loelaBd. 

Psssrl siinitar, eafiarite, found in the cavities of volcanic tufh. 

Tabular Spar, Prismatic Augite ^ar.-^aO fti 0^. oblique, 
n 5*0 G 2*8 — 2-0. Case 25. Frae, unoven. Semi-transpareBBt, translucent on the 
edges. lass, vitreouB. Col white, passing into gray, yellow, red^ and brown. Str. 
white. Ka&er brittle. B. -fusible with difficulty. Soluble ki hjvhiochiloric acid, 
leaving a jelly ^ sBica. 

Found in ^imulsr lioMtone, lava, gneiss, and trap. The Amat, Fhalond, Sweden, 
Yesuvins, Canada, United States, Saxony, Ceylon, and Edinburgh. Gan he formed artifici- 
ally by fosing lime sad silica. 

Okenlte. — Hysehsite.^Ca 0 2Si 0^ 4 * prismatic. H 4*5 — 5*0 

0 2*28 — 2*36. Case 28. Transluc<*nt. Lus, pearly. Col ydlowirii, whito, bluish* 
white. B. fusible. Gelatinizes in hydrochloric acid. * 

fhmid in amygdaloid rock. Faroe, Iceland, and Greenland. 
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Soapstoaei^— 6Mg O + 5Si 0^ 2HO. nuumiTe. H 1*5 G 2-266. 
Case 25. Frae. uneyan. Translucent on edges. Lus. dull. Col, yellowish and 
grayish-white, bluiedi-gray. 8tr, shining, unctuous. B. fusible. Soluble in sul- 
phuric acid. 

Found in serpentinei limestone, &c. Cornwall, Bayreuth, Greenland, St. Helena, 
China. Used in the manufacture of fine porcelain, for fhlling, marking cloth and glass, 
polishing mirrors and marble, diminishing the friction of machinery, and as a fire-stone for 
furnaces. 

Otteellte,— 3(lPe 0 + Si 0®) + (2A1 0^ + 3Si 0*) + SH 0. Scratches 
glass. G 4*4. Frae, uneycn. Translucent. Lm. yitreous. Col grayish-black, 
inclining to green. Str, grayish-white. B. fusible. Soluble in hot sulphuric acid. 

Found in small hexagonal crystals in clay slate. Ottrez Luxembourg, and Massa 
chusetts. 

Heencliaiim . — Earthy CarhomU of Magnesia, Magnesite, Sepiolite, Keffekil — 
Mg 0 + Si 0^ + HO ? H 2*5 G 1-2 — 1*6. Case 25. Frae, earthy. Opaque. Lus. 
duU. Col, white, inclining to yellow, red, or gray. Str, shining. Adheres to the 
tongue. 

Found in nodules in &1reecc, Spain, Portugal, Moravia, Sweden, Asia Minor. Used for 
pipe-bowls. Derives its name, which signifies of the sea, from its lightness and whitish 
colour. 

tithomajrge.— iSf/rtwwflr/?. — H 2*5 G 2-496. Case 25. Frae, conchoidal. Opaque. 
Las, dull. Col blue, passing into red and gray. Str, shining. Soctilc. Adheres to 
the tongue. B. infusible. 

A silicate of alumina and iron, found at Planitz in Suxony. 

Serpentine--^ Marmolite, Eetinalite, ChrysotiU, Metaxite, BoXtimorite, 

ricrolite,^2 (Mg 0 Si O^) + (Mg 0 -J- 2 II 0). II 3*0 G 2*47 - 2*60. Caso 25. 
Frae, uneven, conchoidal. Translucent, opaque. Lus. resinous, dull. Col green, of 
various shades. Str. white, shining. B. fusible on the edges. Decomposed in powder 
by hydrochloric and sulphuric acids. 

Occurs in masses forming rocks, in beds and veins, and pseudomorphous. Saxony, 
Bohemia, Moravia. Austria, Styria, Saltzburg, the Tyrol, Hungary, Silesia, Italy, Corsica, 
Norway, Sweden, Siberia, United States, England, and Scotland. The term nohk is applied 
to those serpentines which are of a uniform green colour, and ore translucent and fit for 
cutting. Serpentine is easily cut or turned, and admits of a high polish ; it is used for 
vases, architectural decorations, and other ornamental purposes. It derives the name of 
serpentine, or ophite, from its spotted or variegated appoaranco like the skiiPof a snake. 

Antigoilte.— 3 (RO -t- Si + (Mg 0 -f- 110) where R is Mg and Fe. H 2*5 

G 2*62. Case 25. Transparent, translucent. Ltts. feeble. Col green. Str, white. 
B. fusible on the edges. Decomposed by sulphuric acid. 

Found in the valley of Antigorio in Piedmont. 

▼UlasBite.— Msmatic. Soft. G 2*978. Case 25. Frae. granular. Trans- 
lucent. Col, yellowish-green. B. infusible. Decomposed by strong acids. 

Found in a bed of magnetite in Piedmont, supposed to be an altered olivine. 

SehiUer Spar, Biallage, RO + Si where R is 
Hg and Fc. oblique; H 5-0 — 6*0 G 3-2 — 3*6. Case 25. Tranducent. Lus, 
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metallic, pearly, frequently resembling bronze. Coi, dark-green, brown, ash-gray, 
8tr» grayish. Slightly brittle. B. fusible with difficulty. Not soluble in acids. 

Found in serpentine and basalt. Styria, Bayreuth, Moravia, Cornwall, tlie Tyrol, Hessia, 
Silesia, Spain. 

Cllntonite* — Xanthophyllit^ Chrysophane^ BeyhetiiUy nolmsite, Brandisite. 
zhombohedral. 11 4*5 — 6'd G 3*01 — 3*10. Case 25. Lus, vitreous. CoL 
yellow, brown, green. B. infusible. Decomposed by strong hydrochloric acid. 

Found in the Urid, Tyrol, and New York. 

OVMJk<t*-^Chry8oUte^ Peridot^ Prismatic ChrysoUth^ Ilyaksidcrite, — 2 MgO SiO^. 
pxiaiiiatic. II 6*5 — 7*0 G 3*3 — 3*44. Case 25. Frac, conchoidal, transparent, 
translucent. Lus, vitreous. CoL green, yellow, brown. Sir. white. Decomposed by 
sulphuric acid, forming a jelly. 

Found in Fgypt, Natolia, the Brazils, Styria, Vesuvius, Mexico, Sweden, Baden. The 
transparent varieties are called chrysolite, the brown hyMosidciite. Chiysolite is prized as 
a gem when large, free from daws and of a good colour; it is so soft as to lose its polish 
unless worn with care. Chrysolite is softer than chrysoberyl, harder and heavier than 
apatite, and distinguished from the gi*een Umi-malinc by infusibility and absence of electrical 
properties when heated. Chrysolite is derived from xpvo’osgold^nnd \t0or stone; and hyalo- 
Hitlerite from {ta\os glass, and criZripos iron. 

PicTOsmine .— picrosmine steatite . — 2 MgO SiO- HO. pzismatic. 
H 2*5 — 3*0 G 2*59 — 2*66. Frac. uneven, opaque. Lus. pearly. CoL greenish- 
white, blackish-green. Sir. white, very sectilc. B. infusible. 

Found in masses in Bohemia, the Tyrol, and Saxony ; distinguished from asbestos by 
the bitter argillaceous odour it cxhulos when moistened ; hence its name from vwphs bitter, 
and offfiTi smell. 

8atsaclilte.~(2 Ca 0 -J- Si 0-) + (2 IMg 0 -J- Si 0-). crystalline system un- 
determined. H 5*0 G 3*033, Cose 25. Frac. imperfect, conchoidal. Translucent. 
Lus. resinous. CoL light greenish-gray, white. Str. white. B. fusible. 

Found at Bizoni in Uie Tyrol. 

BEonticellite.— (2 CaO Si 0-) -f (2 Mg 0 Si 0^). prismatic. II 5*5 
G. 3*245 — 3*275. Case 25. Nearly transparent. Lus. vitreous. CoL colourless, yel- 
lowish. Soluble in hydrochloric acid. 

Found in granular Umestono at Monte Somma. Named after the Neapolitan mineralogist 
Monticelli. 

Smitlisonita. — Prismatic Zinc Baryte^ Prismatic or Ehctrie Calamine^ Siliceous 
Oxide of ZinCf Zinkglas^ Galmei. — 2 Zn 0 -4- Si 0® + IIO. prismatic. H 5*0 
G 3*35 — 3*50. Case 26. Frac. uneven, transparent, translucent. Lus. vitreous. 
Col. colourless, white, yellow, brown, green, blue. Str. white. Brittle. Becomes 
electric when lieated. B. infusible. Soluble in acids, leaving a jelly of silica. 

Found in veins. Aix-la-Chapelle, Liege, Carinthia, Silesia, Poland, Gallicia, Baden, 
Derbyshire, Cumberland, Scotland, the Tyrol, Hungary, the Banat, Spain, Siberia, tlic 
Hartz. Used as an ore of zinc. 

WiUemite. — Siliceous Oxide of ZinCj Brachytype Zinc Baryta, Troosgite.^2 Zn 
0 -I- Si 0^ xhomboliedsal. 115*5 G 3*89— 4*18. Case 26. imperfect con- 
chiidal, semi-transparent, translucent. Zt4s. vitreous. CoL colourless, white, y^ow. 
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brown. Sir, white. Brittle. B. fuaible on the edges. Decomposed by hydroohlorlc 
acid, leaving a jelly of silioa. 

Found at Moresnet, Stolbcrg, Carinthia, Scrvia, and New Jeraey. 

Rhodonite. — Siliciferous Oxide of Manganese, Diatomoua Avgiie Spar . — 
Mn 0 + Si 0®. ohli^ne. H 5*0 — 5*5 G 3*61 — 3'65. Case 26. I^ae, uneven. 
Translucent. Zus. vitreous. Col. Ibd, brown, spotted with green. Sir. reddish- 
white. B. fusible. Insoluble in hydrochloric acid. 

Found in masses. Sweden, Transylvania, the Hartz, New Jersey, Piedmont, Algiers, 
Cornwall. Altagite, photigiie^ and corneous manganese^ are all varieties of Bhodonite, 

Tephzoite. — 2 Mn 0 Si 0®. Crystalline system undetermined. JI 5*5 
0 4*06 — 4*12. Case 26. Frae. uneven. Lua, adamantine. Col, ash-gray, tarnish 
brown or black. Sir. ash-gray. B. fusible. Decomposed by hydrochloric acid, 
leaving a jelly of silica. 

Found with franklinite at Franklin in New Jersey. 

Cerovito.— Cerium Ore, Silidferous Oxide of Cerium, Cerite, Red 
Siliceous Oxide of Cerium. — 110 Si 0® 2 HO, where R represents cerium, lanthanium, 
and didymium. xhombolAdxal. H 5*5 G 4*9 — 5*0. Case 26. F^ae. uneven, 
translucent on edges. Opaque. Col. brown, red, gray. Sir. grayish-white. Brittle. 
B. infusible. Soluble in hydrochloric acid, leaving a jelly of silica. 

Found only in an old copper mine at BustiiUa, in Sweden. Resembles red granular^ 
corundum, but easily distinguished from it by its inferior hardness. 

Txltoii&ite. — Cubic. II 5*5 G 4*16 — 4*66. Frae. oonchoidal. Opaque. Lua. 
vitreous. Col, dark-brown. Sir. yellowish-brown. Very brittle. Decomposed by 
hydrochloric acid, leaving a jelly of silica. 

Found at Lamo in Norway in syenite. 

Chloxophwite. — Soft. G 2*02. Case 26. Dull green, and afterwards black. 
B. infusible. Decomposed by hydrochloric acid. 

Found imbedded in amygdaloid rock in the island of Rum, and in Fife. 

Ohloxopal, — Noniromite, Pinguite. — Fo® 0® -(- 2 Si 0® 3 HO. Massive. 

H 3*0 — 4*0 G 2*0. Case 26. Frae. conchoidal. Opaque. Translucent on the edges. 
Col. greenish-yellow and pistachio green. Lua, vitreous, dull. Brittle. B. inftisible. 
Found in Hungary and the Hartz. 

Stilpnomclane.— Rhombohcdxal. H 3*0 — 4*0 G 3*0 — 3*4. Case 26. 
Opaque. Lua. vitreous. Col. black, blackish-green. Sir. olive-green. Rather brittle. 
B. fusible. Imperfectly decomposed by acids. 

Found in clay slate in Silesia; derives its name from ffriKicvos shining and /icAas 
black. « 

BUingcxItc. — ThrauUte, Oillingiie, Renifozin maMCfl. H 3*0 

G 2*79 — 3*05. Case 26. Frae^ conchoidal. OpaqUe. Lua, resinous. Col, black. 
Sir. yeUowish-brown. Brittle. B. fusible. Partially soluble in hydrochloric acid. 
Found in Bavaria and Sweden. 

Rhomhohedral Malone 2 Fe® 0® Si 0® 

2 (2 Fe 0 -(• Si 0®) •)- 5 H 0. Beniform and fibrous masses. H 2*5 G 8*848. 


Sr. 


INORQANIC NATURE.— No. XVII. 
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Case 26. Translucent. Opaque. Ltia, Titrcous. CoL black. Sir. dark green. Brittle. 
B. infusible. Decomposed by bydrochloric acid, leaying a jelly of sOioa. 

Found in Bohemia, Cornwall, Brazils, and Chili. 

FayallUi . — Lntn ChrysoliU . — 2 Fe 0 + Si 0^. pilfliaatle. H 6*5 G 4*11 — 4*14. 
Case 26. Frac, imperfect, conchoidal. Opaque^ Lus, imperfect, metallic. CoL iron- 
black, inclining to green or brown, brass-yellowTamish. Magnetic. B. fusible. 

Found on the sea-shore at Fayal, and on one of the Memo mountains, Ireland. Crystals 
haying the composition of Fayalite and the form of Olivine, are found in refining cinders and 
the slag of copper furnaces. 

Antlioeideilte.— Fe^ 0^ -H 4 Si 0^ -f U 0. flInroiiB. H 6*5 G 3*0. Case 14. 
Opaque. Lt/u. silky. Col yellow ochre and brown, dtr, the same. Very tough. 
B. fusible. Decomposed bydiydrochloric acid. 

Found with magnetite in the Brazils ; derives its name from ovOor a flower and trihipos 
iron. 

Palngonit*, — Amosphoua. H 3*0 ^ 4*5 G 2*40 — 2*43. Frae. conchoidal. 
Transparent, translucent. Lus, waxy» CoL yellow, brown. Sir. yellow. B. fusible. 
Decomposable by hydrochloric acid. 

Found in volcanic tnfa, in Sicily and Iceland. 

Gluryaocolla . — ITydroailieeoua Coppery Copper-greeny TTmUavable StaphyUno Mala- 
eUUy Kieaael Malachite.— Q vl 0 Si 0- 2 E 0. nmoiphous. E 2*0 — 3*0 G 2*0 
— 2*2. Case 26. Frae. conchoidal. Semi-transparent. Lm. resinous. CoL green, 
sky-blue. Str. greeni^-white. Slightly brittle. B. infusible. Decomposed by nitric 
or hydrochloric acid. 

Found, with other ores of copper, in the Banat, Hungary, the Tyrol, Bohemia, Saxony, 
the Ural, Altai, Spain, Norway, New Jersey, Cornwall, Mexico, Chili, Australia. 

MUagfiM^^^Hhombohedral Mmerald MedaohitOy Emerald Copper AeJUritOf Mupfer- 
8maragd.—C\xO + SiO- HO. xhombohedxal. H 5*0 G 3*27 — 3*346. Case 26. 
Frae. conchoidal, uneven Transparent, translucent. Zus. vitreous. Col. emerald- 
green. Str. green. Brittle. B. infusible. Soluble in nitric and hydrochloric acids, 
leaving a jelly of silica. 

Found in limestone in tho Kirghese Steppes, in ^Siberia. Derives its name from Hia 
through, and 'owro/uu to see, in allusion to the possibility of seeing the natural joints by 
transmitted light. Uistinguished from tho emerald by inferior hakbiess, higher ^eoific 
gravity, and by acquiring negative electricity by friction. 

— Biemulh BlendOy SilkaU of Biemuth. — ^2310^ -f" 3SiO^ omblc. H 4*5 
•— 5*0 G 5*965. Case 26. Frae. uneven. Semi-transparent. Opaque. Lae. ada- 
mantine. C6L brown or yellow. Str. yellowish-gray. Brittle. B. fusible. Soluble 
inhydrochloyc acid, leaving a jelly of silica. 

Found in miaate ciystals in cobalt veins. Schneeberg and Braiiasdoif m Saxony. 

Slzeon .— Ziremy Myaeinth.’—ZtO -f SO>. pjrmnldal. E 7*5 G 4*0 

4*7. Case 20. Frae. conchoidal, uneven. Transparent, tranducent on the edges. 
Lua. vitreous. CoL red-brown, yellow, gray, green, white. Sir, white. B. inloaiblew 
Partially decomposed by sulphuzio acid. • 

The term kgaeinth is applied te^ transparent and brig^bcolonred varieties, Jargom to ' 
crystals devoid of colour and of a smoky .tinge, occasionally sold as inferior diamondsf 
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Zirkonite to the gray and brown, roog^ and opaque varieties. Found in gneiss, granite, 
volcanic matter, alluvium, and sand of rivers. Ceylon, Norway, Siberia, New Jersey, 
Sweden, Greenlwd, Egypt, Carinthia, France, Italy, Vesuvius, the East Indies, Saxony, the 
Ural, Transylvania. 

OstrtmUa is a gtayislbbrown xirceu from FredricJuvan. 

Mabuone and 0§ntedtiie, namea given to two minezals having the form of zircon, and 
supposed to be that mineral in a stage of decomposition. 

Thorite.— 2ThO + SiO^ 2110. massiwe. H 4*5 G 4*63. Case 26. Frac, 
conchoidal. Lm. vitreous. CoL black, Str. dark-brown. Brittle. B. infusible. 
Gelatinizes in hydrochloric acid. 

Found with mesotype, at Luv(i in Norway, It was from this mineral Berzelius first 
obtained the rare metal thorium, 

Andrinsite.— An^lmite,~^AlO^ SiO^. prismatic. H 7*5 G 3*1 —3*2. 
Case 26. Frae, uneven, flat, conchoidal. Transparent, translucent on the edges. 
Lus, vitreous. CoL reddish, passing into pale gray. Str. white. B. infusible. 
Slightly affected by acids. 

Found in granite, gneiss, and mica slate. Spain, the Tyrol, Bavaria, Bohemia, Moravia, 
Silesia, Saxony, Fnmcc, Siborio, Brazils, Banffshire, Ireland, Connecticut, Massachusetts. 
Distinguished from feUpar by its liarducss and infusibility, from corundum by its structure 
ami specific gravity. 

Chiaitolite, or hullouf spar^ appears to bo a variety of andalusite^ having prisms of a darker 
substance in tho cciitro and sometimes in (^ach angle, connected by thin plates of the 
same. II 5*0 — 5*5 G 2‘1) — 2*05, Derives its name from the summits of its ciystuls being 
marked in the form of the Greek letter X. Found in the Pyrenees, Spoiii, Normandy, 
Cumberland, Wicklow. 

Syanite.— •D uMcmc, StUimanite, Bucholzite^ Fihrolite^ FriamaHo DUtJUm 8par^ 
Monrolite^ EfuetiziL — AlO® + SiO-, anoarthio. II 5 0 — 0*0 G 3*58 — 3*62. Cose 
26. Frac, uneven. Transparent, translucent. Lua, pearly, vitreous. CoL blue, 
white, gray, black, colourless. Str. white. Brittle. B. infusible. Insoluble in acids. 

Found in mica slate, granite, gneiss, &c. Switzerland, Styria, Carinthia, Bouffshiro, United 
Spates, Bohemia, South America, Massachusetts, the Tyrol, Shetland. Distinguished from 
actinolite by its infusibility, cleavage, and Bpcdfic gravity. When blue and transparent, is 
cut and polished as au ornamental stone, resembling sapphire, 

Baxnlite.— H 6*5 — G 2*984. Frac, uneven. Translucent. Zus, vitreous. Cd, 
white, inoliiung to green. 

Found in. slender prisms and crystalline masses, with quartz, in Norway. 

Woxthite. — 4 AlO® -J- 5 SiO* + 2 HO. Granular aggregations. II 7*0 — 7*6 
G 3*0. Case 26. Fcebly^transLucent. Zita, pearly. Cd, white. B. infusible. In- 
soluble in acids. 

Found in the neighbonrhood of St. Petersburg. ^ 

Allopliam.— Al^ 2 Si 0^ -f 15 H 0. Benifonn and botry- 
oidal masses. H3*0 G 1*852 — 1*889. Case 26. FWar. fiat, conehoidal, semitrmsparent 
Translucent on the edges. Lua, waxy. Gd. white, yeUow, red, brown, blue and green. 
Brittle. B. infusible. Gelatinizes with acids. 

Foundrin Saxony, Moravia, and Bohemia. Derives its name from fiXXos and to 
appear, from its ehiu^ of appearance under the blowpipe. 

8alloyalto.-^ZMSNitf^ 8meefita,-^A hydrous silicate of dumina. H 1*5— 2*5 
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O 1-92 ^ 2*12. Goso 26. Frae, concHoidaL Opaque. Lua. waxy. Coh white, blue, 
green, yellow. B. infusible. Gelatinizes with sulphuric add. 

Found in renifonn masses. Silesia, France, New Granada. 

GoUyvite.— A hydrous silicate of alumina. H 1*0 — 2*0 G 2*06 — 
2*11. Case 26. FVyic. earthy. Opaque. dull. CbL white, reddish, greenish. Sir. 
shining. Unctuous to the touch. B. infusible. 

Found in reniform masses in the Pyrenees. 

Bole.— A silicate of alumina and iron. H 1*5 — 2*5 G 1*6 — 2*0. Case 26. 
Frae, conchoidal. Opaque. CoL brown. Str, resinous. Sectile. 

Found in nodules. Silesia, Bohemia, Saxony, Hebrides. 

Sehrottevite.— 4 Al« 0^ + SI 0^ + 5 H 0. Amorphous. H 3*0 — 3*5 G 1*985— 
2*015. Case 26. Frae, conchoidal. Translucent. Lue. vitreous. Col, light emerald 
green. Str, white. Brittle. B. infusible. Gelatinizes with hydrochloric acid. 

Found in nodules in Styria. 

»IUoachiiie.-^ar5iaM.— A1 (F + Si 0^ + 3 H 0. Massive. II 1*5 - 2*0 
G 2*131. Frae, conchoidal. Zus, glimmering dull. Cal, blue-green. B. infusible. 
Partially decomposed by hydrochloric acid. 

Found massire in Serria. 

Chroppite.— Crystalline masses. II 2*5 G 2*73. Frae. splintering. Semi- 
transparent] in thin fragments. Coh Bose-red, brown, red. Sir, light. Brittic. B. 
fusible on tiie edges. 

Dillntte. — H 3*5 G 2*835. Frae, conchoidal. Opaque. Lm, dull. Col. white. 
Case 26. 

Found in Teins of limestone at Schemnitz in Hungary. 

Bgalmatolite.— Fliyfirs etone^ TaUglaphiqw^ Bildstein, — H 3*0 G 2*75 — 2*85. 
Case 26. Frae, uneven. Col. white, pale gray, green, yellow, flesh red. Str, white and 
shining. Slightly brittle, almost scctilc. B. fusible on the thinnest edges. Decom- 
posed by hot sulphuric acid. 

Found in China, Saxony and Hungary. Carved by the Chinese into grotesque figures 
and ornaments. 

Apophyllite * — Pyramidal Keuphona Spar^ Oxhaverite^ PyrtmidaX SMiU^ lehthy^ 
cptkalmilef Tessalitef Alvino.^^ (Ca 0, K 0, H 0) + 2 Si 0* 2 H 0. pyxamidal , 

H 4*5 _ 5-0 G 2*35 — 2*39. Case 27. Frae, imperfect, conchoidal. Transparent, 
translucent. Lw, vitreous. Col colourless, yeUow, blue, •red, green. Sir, white. 
Brittle. B. fusible. Decomposed by bydrochlorio acid. 

Found in cavities of amygdaloid rocks, in veins in transition slate, and in beds of mag- 
netite. Tbe'jBanat, the Tyrol, Iceland, the Hartz, Hindoston, Bohemia, Sweden, Greenland, 
Siberia, North America, hlfeshire. Apophyllite derives its name from oiro and a leaf, 

on account of its tendency to exfoliate under the blowpipe. The peculiar pearly lustre of 
the crystallized varieties, which is one of the most decided characteristics of this mineral, 
gave rise to the name iehthyopthalmite, or fish eye-stone, fix>m ixBva a fish and o^$aXpos 
an eye.* 

OhabMln.— Zauphone Spar^ PkaeeUte^ Phmiohadral (Ga 0 

-I- Si 0>) 4- (A1 O’ + 3 81 O’) 4* 6 H 0. sliomliAadnl* H 4*0 — 4*5 G 2*08— 
2*15. Case 27. Frae, uneven* Semi-tran^arent, semi-tranduoent. Col, colourless, 
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white, reddish, yellowish. 8tr. white. B. fusible. Decomposed by hydrochloric 
acid, leaviDg a jelly of silica. 

Found in cavities and veins in amygdaloid and platonic rocks. Bohemia, the Tyrol, 
Faroe, Iceland, Greenland, Sweden, Ireland, Renfrewshire, Hungary, Siberia, Massa- 
chusetts. 

Heaotype. — ZeoUth, NatroUth^ Bergmannitt^ Meaolite^ Radiolite^ PeritMmm Kou~ 
pJiont /Spnr.— (Na 0 + Si 0®) + 0* -J- 2 Si 0®)^-^ H 0. psian&atic. H 5*0 — 

5*5 G 2*24 — 2*26. Case 27. Frae. conchoidal. Transparent, translucent. Lub. 
yitrcous. Col. colourless, gray, yellow, red, pale green. Str. white. Brittle. B. 
fusible. Decomposed by hydrochloric acid, leaving a jelly of silica. 

Found in basalt, syenite, and transition rocks. Greenland, Iceland, Bohemia, the Tyrol, 
Ireland, Norway. 

Scolezite- — Needlestone^ Poonahlile^ Antrimolite . — (Ca 0 Si 0*) + (Al 0® + 

2 Si 0®} -4- 3 II 0. oblique. II 5 0 — 5*5 G 2.2 — 2*3. Case 28. Frae. conchoidal. 
Transparent, translucent. Lua. vitreous. Col. colourless, white, gray, reddish, yel- 
lowish. Brittle. B. fusible. Decomposed by hydrochloiic acid, leaving a jolly of 
silica. 

Found in cavities of amygdaloid rocks. Btafia, Faroe, Iceland, Greenland, Hindostan, 
the Tyrol, Ireland. Curls up before the blowpipe, whence its name from <rKCD\if( a wonn. 

Comptonite. — Thomsonite, Orthoiomotu Kmplione Spar . — 3 (Al 0® -|- Si 0®) 

3 (Ca 0 + Si 0®) 4* 7 II 0. pzismaUc. II 5*0 — 5*5 G 2*31 — 2*38. Case 27; 
Frac. imperfect, conchoidal. Transparent, translucent. Col white, yellow, red. Str. 
white. Brittle. B. fusible. Decomposed by hydrochloric acid, leaving a jelly of 
silica. 

Found in amygdaloid rocks. Vesuvius, llessia, Bohemia, Oremiland, Iceland, the Tyrol, 
Scotland- 

Gmellnite. — HydroUte^ Sarcolite, Ueteromorphom KmtpJione Spar^ UerschcliU,---- 
(R 0 -1- Si 0®) + (Al 0 3 Si 0®) + 6 H 0, where R is K, Ca, and Na. zhombo- 

hedzal. H 4*5 G 2*04 — 2*12. Case 27. Frac. uneven. Translucent. Lua. vitreous. 
Col. white, reddish. Str. white. Brittle. B. fusible. Decomposed by hydrochloric 
acid, leaving a jelly of silica. 

[Found in cavities of amygdaloid rocks. Yicentine, Ireland, Sicily. | 

Lewyne . — Macrotypoua KouphMic Spar . — (Ca 0 + Si 0®) -4^ (Al 0* + 3 Si 0®) -j- 
6 11 0. xhombobedial. H 4*0 G 2*1 — 2*2. Case 27. ^ae. imperfect, conchoidal. 
Semi-transparent. Lua. vitreous. CoL white, grayish. Sir. white. Brittle. B. 
fusible. Decomposed by hydrochloric acid, leaving a jelly of silica. 

Found in cavities in trap. Ireland, Renfrewshire, Faroe, Iceland, Skye. 

Oyzolite. — OuroUte. 2 Ca 0 -4- 3 Si 0® 3 HO. H 3*0 — 4*0. Case 28. Lua* 

vitreous, thin plates, transparent. CoL white. Very tough. B. fusilSle. 

\ Occurs in small spherical concretions in the cavities'of basalt, from Storr in Skye. 

Sdingtonite* — Fyramidal Brythine Spar^ Eemi-pyramidal Spar. Pyramidal. 
H 4*0 — 4*5 G 2*71. Case 28. Frae. imperfect, conchoidal. Semi-transparent, 
transliicent. Col. grayish-white. Str. white. Brittle. B. fusible. Forms a jelly in 
hydrochloric acid without being completely decomposed. 

Found in small crystals in amygdaloid. Diunbarton,' Scotlnnil. 
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Algerite*— Oblique. H 3*0 3*5 O 2 697 — 2*948. TrasBlucent. Opaque. 

Liu. vitreous. Col. yellowisli-whitc. Sir. light-brown. B. fusible. Slightly acted 
on by hydrochloric acid. 

Found in white limestone. Franklin, New Jersey. 

Analcime, — Hexahedral Kouphtme Spar. — (Na 0 -4- Si 0^) -1- (A1 0^ 3 Si 0^) 

-f 2 HO. cubic. H 5*5 G 2*22 — 2*28. Case 28. Frae. uneven, translucent. Jau. 
vitreous. Col. colourless, white, gray, reddish-white. Sir. white. Brittle. B. fusible. 
Decomposed by hydrochloric acid, leaving a jelly of silica. 

Found in cavities of amygdaloid rocks, in beds of magnetite, gneiss, porphyry. The 
Tyrol, .Scotland, Ireland, Boliomia, the Ural, Faroe, Iceland, Norway, the Hartz. 

Eudnophite. — (Na 0 + Si 0^) (A1 0*’+ 3 Si 0=) + HO. piism atic. H 5*5 
G 2-27. Frae. even. Transparent. Ztu. pearly. Col. white, gray, brown. Sir. white. 
B. fusible. Decomposed by hydrochloric acid, leaving a jelly of silica. 

Found in syenite. Lamd, near Brevig. 

Stilbite.— Prianiatoidal Kouphone Spar.^(Ca 0 -f- 3 Si 0-) -J- (A1 
03 + 3 Si 0^) + C HO. pzismatic. H 3*5 - 4 0 G 2*1 - 2*2. Case 28. I^ac. 
uneven. Semi-transpai'cnt. Lus. vitreous. Col. colourless, white, yellow, red, brown. 
Sir. white. Brittle. B. fusible. Decomposed by acids. 

* Found in cavities of amygdaloidal rocks, also in beds and veins in granite and slate. 
Iceland, Faroe, Skye, Hindostun, the Tyrol, Norway, Sweden, Silesia, the Hartz, the Alps, 
Scotland, Siberia. 

EpiBtllbite. — Dtphffenous Kouphone Spar. — (Ca 0 + 3 Si 0®) + (A 1 0** + 3 S i 
0®) + 5 HO. pzismatic. II 3*5 — 4*0 G 2*24 — 2*25. Case 28. Frae. uneven, 
transparent. Zw. vitreous. Col. colourless, white. Sir. white. B. fusible. Decom- 
posed by strong hydrochloric acid. 

Found in cavities of amygdaloidal rocks. Iceland, Faroe. 

BCeulauditc. — Hemiprismatic Koaplwne (Ca 0 + 3 Si 0®} + (A1 0® + 

3 Si 0®) + 5 HO. oblique. II 3*5 4*0 G 2*18 — 2*22. Case 28. Frae. uneven, 

transparent. Zw. vitreous. Col. colourless, white, gray, brown, red. Sir. white. 
Brittic. B. fusible. Decomposed by hydrochloric acid. 

Found in cavities of amygdaloidal rocks. Iceland, Faroe, Hindostan, Nova Scotia, 
Bohemia, the Tyrol, Transylvania, Norway, the Hartz, Saxony, Siberia, Scotland, Sk3'e. 

Bzewstezite. — Mtgalagmoue Kmphone Spar. — - Oblique. H 5*0 — 5*5 
G 2*12 — 2*20. Case 28. Frae. uneven. Brittle. B. fusible with difficulty. 
Decomposed by hydrochloric acid. 

Found in cavities of amygdaloidal rocks. Scotland, Ireland, France, and the Pyrenees. , 

Laumenite. — Zemhardite^ Liatoinoua Konphme Spar^ jDuprimaiie Zeolite . — 
(CaO + SiO®)^+ (A103 + 3Si02) + 4n0. obUque. H 3*5 G 2*33 2*41. Case 

28. Frae, uneven. Translucent. Zm. vitreous. Col. yellowish and grayish-white, 
flesh-red. Sir. white. Very brittle. B. fusible. Decomposed by hydrochloric acid, 
leaving a jelly of silica. 

Found in cavities of amygdaloid, and in metallic veins. Bretagne, Bohemia, the Tyrol, 
Hungary, Sweden, the Ural, North America, Faroe, Iceland, Skye, Ireland, SootUnw. Spe- 
cimens of this mineral ought to be eovered with a tbin solution of gum arabic, to counteract 
tbe rapid decomposition which takes place when they are exposed to the air. 
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Ih^ehDiiBrn’^Axotomous Triphane Spar^ Kouplwlite^ Edelith^ CAt'/tontVe.— 2(GaO + 
SiO*) + (AlO® + Si02) + HO. prismatic. H 6 0 - 7 0 G 2*92 - 3 01. Case 29- 
Frae, iineycn. Semitransparent, tranaluocnt. Ltu, vitreous. CoU green, yellow, gray. 
Btr, white. Brittle. Becomes electric by the application of heat. B. fusible. Par- 
tially soluble in hydrochloric acid. 

Found in granite oiid crystalline rocks. Dauphine, the Tyrol, Pyrenees, Switzerland, 
Saxony, the Hartz, Norway, Sweden, Massachusetts, South Africa, Scotland, Gloucester- 
shire, Staffordshire, Land's End, China. The grass-green varieties have been mistaken for 
chrysolite, chrysoprase, and emerald. 

• Nephxlte.-^Ja^^, JJneleavahle Nephrite Spar, Beilstein, — (CaO + SiO^) (3MgO 

2SiO*). H 6’5 — 6*0 G 2*65 — 3*0. Case 29. Frae, splintery. Translucent 
on .the edges. Lus. resinous, dark. CoL Icok-grcon, grccnish-white, greenish- 
gray. Sir. white, shining. Tough. Slightly unctuous to tho touch. B. fusible 
on the edges. 

Found massive and in blocks with slate and limestone. India, Turkey, Leipsig, Little 
Thibet, China, Egypt, the Amazon. Vessels made from Jude are as sonorous as porcelain. 
It is wrought into hatchets hy the New Zealanders. Derives its name from P€<bpos a kidney, 
because it was supposed to be a remedy for diseases of that organ. 

* • 

Haimotome. — ParaUmoue Koupliom Spar, Staurolite, Pyramidal Zeolite or Croee 
stone, MorveniU, AndreoUte, AndreasbergoUie. — (LaO -J- 2SiO®) (AlO® + 3SiO*) 6110. 
prismatic. H 4*5 G 2*39 — 2'60. Case 29. Frac. uneven, imperfect oonchoidal. 
Transparent, translucent. Lus, vitreous. CoL white, colourless, gray, yellow, brown, 
red. Str- white. Brittle. B. fusible. In powder decomposed by hydrochloric acid. 

Found in metallic veins, and in cavities of nmygdaloidal rocks and basalt. Scotland, 
the Hart/. Noi*way, Silesia, Oberstein. Derives its nniiie from appos a joint, and rcfiyv 
to cut, firom the appearance of its twin crystals. 

Phillipsite. — Gimondine, Zeagonite, Lime JTarmotome, Christianite, Abrazite, Stau^ 
rotypoui Kuuphone Spar, — (RO + SiO^) + (AlO^ 3SiO®) + 5HO. prismatic. 
II 4’5 G 2*14 — 2'213. Case 29. Vrac. conuhuidal, uneven. Translucent, translu- 
cent on the edges. Lus. vitreous. CoL white, gray, colourless,' blue, yellow, red. Str. 
.white. Brittle. B. fusible. Decomposed by bydrocbloTic acid, leaving a jelly of 
silica 

Found in cavities of amygdaloid and basalt. Bohemia, Silesia, Bonn, Oberstein, Vesu- 
vius, Sicily, Borne, Giant's Causeway. Besembles Harmotome, but distin^slied from it by 
its lower specific gravity. 

Fclapav. — Orthoelase, Orihotomous Felspar, Adularia, Murchi8onite,lSanidine, Mik- 
rohlin, Amazon stone, Perthite, — (KO + 3SiO®) + (A10» + 3SiO’^). obllgnc. H 6*0 
G 2*53 — 2‘69. Case 29. Frae, conchoidal, uneven. Transparent, translucent on 
the edges. Lus. vitreous. Col. colourless, white, gray, green, brown, red, flesh-red, 
vcrdigris-grccn. Str, grayish-white. Brittle. B. fusible with difficulty. Not acted 
on by acids. * 

Adularia, or transparent Felspar, is found in plntonic and metamorpbic rocks. 8t. 
Gotthardt, Mont Blanc, Dauphine, Norway, Airan, Cornwall, Snowdon, Ceylon, Greenland. 

Moon Stone, a transparent ccdourless felspar, from Ceylon, which presents a play of 
light; used as an ornamental stone. 

Common Felspar. Italy, Silesia, Ireland, the Ural, Bohemia, Brazils, 

Oreen Felspar (Amazon Stone), found on the east side of Lake Ilmen. 

Glassy Felspar (Sanidine), found in trachyte, basaltic, conglomerate, and volcanic 
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masses. The Bhinc, Mexico, Chili, Baden, Hungary, Italy, Iceland, Cassel, Vesavhis, 
Arran. 

MurehiioniU is a flesh-red variety of felspar, found in rolled pebbles. Heavitrec, 
Exeter. 

Crystals of flesh-red felspai* have been found in a copper furnace, and of adularia in an 
iron furnace. 

The porcelain earth, or Kaulin of the Chinese, is produced by the decomposition of 
felspar. Felspar is extensively used in the manufacture of porcelain. 

PolllUL.— A hydrosiltcale of alumina and potash. II 6*0 — 6v3 G 2’868 — 2*892. 
Case 29. Frac. conchoidal. Transparent. Lus. vitreous. CoL white, colourless. 
B. fusible on the edges. Decomposed by a(‘id.s. 

' Found with jictulitc in cavities of granite at Elba. 

Labradoxite.— Fdspar^ Anhyihom Scoheite^ Manilite^ Silicite^ OpaKtte 
Fekpar^ Polychromatic FelHpm \ — (il 0 + Si 0-) + (A1 O'* + 2 Si 0-) whom R is Ca 
or Na. anoxthic. 11 6*0 G 2*67 — 2*76. Gaso 30. Frac. imperfect conchoidal. 
Faintly translucent. Lm. vitreoua. Col. gray, red, green, white, blue. B. fusible. 
Decomposed by concentrated hydrochloric acid when in powder. 

Occurs principally ns a constituent of rocks. The varieties which exhibit a play of 
colours are mostly dtirived from a course-grained h^-persthene ro(‘k. Labrador, Russia, Fin- 
land, Ireland, the Tyrol, tlic llnrtz, Scotland, Corsica, Saxony, llessia, Sweden, Faroe, Nor- 
way, A^tna, Vesuvius. The pluy of colours is supposed to be produced by microscopic 
crystals of rpiartz included in the bibrudorite. It receives a good polish, and is valued for 
oriianiental puqioses on account of its beautiful colours. 

' Pectolite. — Stellite^ Oamelitc^ JFoolasfontle.—^ RO + SSiO^-l-IlO where R is 
Ca and Na. II 4*0 — 6*0 G 2*745 — 2*766. Case 29. Translucent on the edges. 
lilts, pearly. Col. grayish-white. Brittle. B. fusible. Decomposed by hydrochloric 
acid. 

Found in spherical masses, in amygdaloid and felspar. Verona, the Tyrol, Lake Supe- 
rior, Now Jersey, ScoUaud, Bavaria. 

rauJa8ite.~(U 0 + Si O’-) + (Al- 0^ + 2 Si O’-) + 9 H 0 where R is Na and 
Ca. pyxamidal. 11 5*0 0 1*923. Case 29. F3*(rc. uneven. Transparent, translucent 
on the edges. Lits. vitreous. Col. white, brown, colourless. Brittle. B. fusible. 
Decomposed by hydrochloric acid. 

b'ound in cavities of aiiiygdaloidnl rock. Sassbach. 

Latxobite. — 7)/p/oi7r.— A bydrosilicatc 'of alumina, anoxthic. II 6*0 — 6 0 
G 2*720 — 2*722. Case 29. Frae. uneven. Translucent. Lus. vitreous. Col. pale 
red. B. fusible. 

Found with felspar, mica and calcito. Labrador and ^lassachusrtts. 

Albit6fl ■— Pericline, Cltavclandiie^ Jlfterotomous Felspar^ Tctartine^ Tetarto- 
prismatic Felspaf. — (NaO + 3SiO-) (AlO* + 3Si02). anoxthic. H 6*0 — 6*5 
G 2*54 — 2*64. Case 30. Frae. imperfect conchoidal. Transparent, translucent on 
the edges. Lus. vitreous. Col. colourless, white, red, yellow, green, gray. Str. 
white. Brittle. B. fusible. Not decomposed by acids. 

Found in granite, gneiss, greenstone, and lava. Daupbine, the Pyrenees, Italy, Saxony, 
Silesia, the Hartz, the Tyrol, Moravia, Baden, Greenland, Siberia, the Alps, SfSreden, 
Scotland, Ireland, Cornwall, Fg}'pt, the Brazils, Massachusetts. Derives its name from 
a/buff, white. 
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Gluristlaiiite* — Anortfiite^ Amphadtliie^ Indimite^ Lepolite^ Amrthotonvom Fel^ 
(CaO + Si02) + (A103 + SiO=). anoithic. II G O G 2-666 — 2*763. Coao 
30. Frac, conchoidal. Transparent, translucent. Lus, vitreous. Col. colourless, 
white. 8tr. white. Brittle. B. fusible. Decomposed by hydrochloric acid. 

Found in dolomite, in lava, and in meteoric stones. Vesuvius, Java, Iceland, Columbia. 
Distinguished from topaz by inferior hardness au^ specific gi-avity. 

Oligoclase . — Aniitomous Felapar^ Soda Spodumene^ Vniofiite . — ( 2 NaO 4 - 3SiO*} 
-|- 2)A10^ -h 3Si03). anozthic. II G ‘0 G 2*63 » 2*74. Case 30. Frac. conchoidal, 
uneven. Translucent. Zms. vitreous. Col. greenish while and gray, red. Sir. 
white. B. fusible. Xot acted on by acids. 

Found in granite, syenite, gneiss, por|)hyry, and basalt. Norway, Finland, tlie Ural, 
United States, the Hortz, Iceland. The oligoclnsc from Norway, which presents a play of 
colours produced by thin plates of hematite, is e.alled armiiurinr /rhjmr uiid aumtone. 
Derives its name from oKiyos tittle^ and kAooi to cleavr, 

PoneUanspatli.-(3A10^ + SiO*) + 3(CaO + SiO^ + (NaO + 3810=*). 
prismatic. H 6*6 G 2 GO — 2*68. Frac. uneven. Translucent 011 the edges. Jm. 
vitreous. Col. yellowish. {^nd grayish- white. Brittle. B. fusible. Decomposed by 
concentrated hydrochloiic acid. 

Found in felspar and granite. Ohernzcll, near Passau. Dceomposed by exposure to 
the air. 

Xieucite. — Amphlgme^ Ihdeoahedral ZwUtc^ 2'rapezouhil Aniphhjene Spar . — 
(KO + SiO’O + (AlO^ + 3SiO^). cubic. U 5 5 — 6*0 G 2-45 - 2*50. Case 31. Frae. 
conchoidal, uneven. Scnu-lransparcnt, translucent. Ztts, vitreous. Col, grayish, 
yellowish, and reddish-white. Brittle. B. infusible. In powder decomposed by 
hydrochloric acid. 

Found in lavu, tnichyte, and doleritc. Italy and the Khim*. Millshmc's furmotl of lava 
in which leueitc was imbedded, have liocii found at Pompeii. It derives its iiunae from 
XeuKoSt whifCt It has been called tlic white garnet. 

Spodumene. — Triphane, Friamatio Tr%pha%w Spar . — A silicato of alumina. — 
Oblique. II 6*6 — 7*0 G 3*07 — 3*20. Case 31. ,Frac. uneven, splintery. Trans- 
lucent on the edges. Lus. vitreous. Col. greenish-white and gray. Sir. white. 
B. fusible. Not acted on by acids. 

Found in gneiss and granite. Uto, the Tyrol, Ircdand, Scotland, Massachusetts. Named 
from triroSos anhes, because it becomes ashy before the blowpipe. 

Petalite.— jPrima/ttf Fetaline Spar^ Castor . — A silicate of alumina. II 6*0 — 6*5 
G 2*38 — 2-43. Case 31. Frac, imperfect, conchoidal. Translucent. Lus, vitreous. 
Col. white, green, red. Str. white. BritUo. B. fusible. Not decomposed by acids. 

Found in masses and in granite. Uto, Massachusetts, Ontario, Klba^ It was in the 
analysis of this mineral that liihia was first discovered. 

DaTyne . — Davytie Kouphone Spar, Cancrinite, Cavolinile . — A silicate of aluminOf 
soda, and lime. Bhombohednl. H 6*6 G 2^*42 — 2*46. Case 31. Frac. con* 
choidal. Translucent. Lus* 'vitreous. CoL colourless, white, rosc-red. B. fusible. 
Soluble in hydrochloric acid, leaving a jelly of silica. 

Found in lava and miascite. Vesuvius, Maine, the Ural. Namt'd in lioiiour of Sir 
Humphrey Davy. 
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Nepheline . — Bhombokedral Feltpar^ Rhombohedral Elam 8par^ ElmliU^ Smmite , — 
(4 :R 0 + 3 Si 0*) + 2 (2 A1 0^ + 3 Si 0^), where R is Na, K, and Ca. Bhonbo- 
hedral. H 6‘5 — 6-0 G 2-68 - 2-64. Case 31. Frac. conchoidal, uneven. Trans- 
parent, feebly tranducent. Lm, vitreous. Col, colourless, greenish-gray, bluish- 
green, flesh-red. 8tr, white. Rrittlc. B. fusible. Decomposed by hydrocUoric acid, 
leaving a jelly of silica. 

Found in basalt, dolerite, and syenite. Vesuvius, Rome, Heidelberg, Hessia, Saxony, 
Norway, the Ural. Derives its name from A cloudy from the nebulous appearance 

aaaumed when fragments an^ thrown into nitric acid, 

Scapolite. — MeimitCy Dypyre^ JFcrneriie, Terenitcy Paranthine Elain SpaVy Olauco- 
litCy Rkehcrgitey Tetraklasity Nuttallite, Stroganowite , — (3 Ga 0 2 Si 0-) 2 (A1 0® 

-4- Si 0-). pyiramldal. II 5*0 — 5*6 O 2*61 — 2*78. Case 31. Frac, conchoidal. 
Translucent, opaque. Lwt. vitreous. Col. colourless, white, gray, green, red. iStr. 
white. Brittle. B. fusible. Decomposed when in powder by hydrochloric acid. 

Found in limestone and in iron mines. Vesuvius, Norway, Sweden, Finland, Moravia, 
Greenland, France, and North America. The name meionite is applied to the transparent 
varieties. 

IMpyve.— (RO + Si O^) + 3 (AP*0» -f Si O^). G 2*646. 
Scratches glass. Case 31. Transparent, translucent. CoL whitish or^^reddish. B. 
fusible. 

I*\)uiid in hexagonal prisms with talc or chlorite in the Pyrenees. 

Bhyacollte. — Empyrodoxous Felspar -|- Si 0-) -f- (A1 0- -f- 2 Si 0®), 
where R is Na. K, and Ca. oblique, II 6*0 G 2*67 — 2 62. Frac, conchoidal, 
transparent, translucent. Lus. vitreous. Col, colourless, white, grayish, yellowish. 
Sir, white. Very brittle. B. fusible. Decomposed by hydrochloric acid. 

Found in lava and volcanic matter. Vesuvius, Eiffel, Jjaach, Deiivcs its name from 
pva(t a lava stream. 

liatxobite. — Diploite,~-\ silicate of alumina. aAorthie. H 6*0 — 6*0 G 2*720 — 
2*722. Case 31. Frac. uneven, translucent. Lw, vitreous. Col. pale red. 

Found with felspar, mica, and cnlcite. Amitok, near Labrador. 

Ittnezite . — Podeealiedral Amphigem Spar, Htruyn. — k hydrosilicate of alumina, 
soda, and lime, cubic. 11 5*6 G 2*373 — 2*377. Case 31. Frac. flat conchoidal, 
translucent on the edges. Lus. resiuous. Col. dork bluish-gray, smoke-gray, ash-gray. 
B. fusible. Decomposed by hydrochloric acid, leaving a jolly of silica. 

Found in basalt. The Eichberg Baden. 

Sarcollte. — OetaMral Kouphom Spar . — A siHcato of lime and alumina, 
pymmldnl. H 6*0 Q 2*545. Frac. conchoidal, semi-transparent, translucent. Lub. 
vitreous. CbL flesh-red, white. Very britUe. B. fusible. 

A rare mineral, found at Vesuvius. 

IClca .— Micay Biaxial Jftcfi, Poiash Mieoy Semiprismatie Talk Okm/moTy 
aovite.^k silicate of alumina, oblique. H 2*5 G 2*8 — 3*1. Case 32. Frac. oon- 
choidal. Transparent. Col. colourless, white, various shades of gray, brown, gremi, 
block. Str. white, gray. Scctile. B. fusible. Not deoompoaed by acids. • 

An essential constituent of granite, gneiss, and mica slate ; found also in veins and cavi- 
ties in porphyry, basalt, dolomite, limestone and lava. Vesuvius, Siberia, Finland, Green- 
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Iftnd, United States, Norway. Occasionally found in the slags of furnaces. In Siberia thin 
sheets of mica are used for glazing windows, whence it has been colled Mu^oovy ylaaa. It is 
diTlsiblc into plates the y^^ - ^^t h port of an inch in tliickness. 

MotUmw^ITezaffonal Mica, Uniaxial Mica^ Magnesia MUa^ Rtdtellan^ Jihomholiedral 
Talk Glimmer^ Meroxen. — (3 11 0 + 2 Si 0-) + (A1 0’ Si 0-) where R is Mg, K, and 
Fe. rhcmbohedval. H 2*0 — 2*^ G 2*78 — 2*95. Cose 32. Transparent, trans- 
lucent. Lus. metallic. CoL dark green, brown, verging into black. Str, white, pale 
greenish gray. Scctilc. Thin leaves. Elastic. B. fusible with difficulty. Decom- 
posed by sulphuric acid. 

, Found in granite and chlorite slate. The Uial, New Jersey, Greenland, Vesuvius, 
Siberia. 

Xiepidolite* — Litliia Mka^ Lithonite^ Hemiprismatic Talk Glimmer, —A. silicate of 
alumina, oblique. II 2*0 — 3*0. G 2*8 — 3*0. Case 32. I'me.'conchoidal. Trans- 
parent, translucent on the edges. Lm, pearly, inclining to adamantine, vitreous. 
CoL white, green, gray, red, violet. Str. white. In thin loaves, clastic. B. fusible. 
Acted on by acids. 

Occurs principally in granite. Moravia, Saxony, the Urol, Maine, Connecticut, Bohemia, 
Saxony and Cornwall. • • 

Wichtisite.*— A silicate of alumina and iron. G 3*03. Frae. imperfect, con- 
choidal. Liis, dull. Col. black. Magnetic. 

Found at Wichtis, in Finland. ” 

Glaucophane. — A silicate of alumina and iron. II 5*5 G 3*103 — 3*113. Frae, 
conchoidal. Translucent, nearly opaque. Lm, vitreous. Col, bluish-gray. Sir, tho 
some. Magnetic in powder. B. fusible. Imperfectly decomposed by acids. 

Found in mica slate in the Island of Syra. Derives its iianui from yKavicos hluith^yray, 
and <fiaiya to aqtpcar, 

Mburgojite. — JftmiprUmatic Perl Glimmer^ Bmnrylitc^ Curmdellite^ Clingmaniie , — 
A silicate of alumina, oblique. II 3*5 ~ 4 5 G 3*0 — 3*1. Frac. conchoidal. 
Semi-transparent, translucent. Lm, pearly, yiti*cous. Col. reddish- and greenish- 
white, peai'l gray. Str. white. Bather brittle. B. fusible. Acted on by acids. 

^ Found in tlie Tyrol with chlorite. United States, Asia Minor, tho Ural. 

ILepidomelane.— (B* 0"> -t- Si 0=) -f- (B' -f Si 0*). n 3*0 G 3*0. Opaque. 
Lm. vitreous. Col, black. Str, green. Bather brittle. B. fusible. Easily decom- 
posed by hydrochloric add. 

Found at Persberg, in Sweden, Derives its name from its colour and Htructiire, Kewis a 
Hcale^ and ficXas black. 

Tale* — Prismatic Talk Glimmer^ Potstme, Soapstone^ Steatite, — OMgO 5 Si 0- -f- 
2 HO..piinBatlc? II 1*0 — 1*5 G 2*6 — 2 8. Case 32. Frac. splmUsry, Lm. 
pearly, more or loss translucent. Col. blue, green-gray by transniitted^and silver-white 
by reflected, light. Sir. white. Thin leaves flexible but not elastic, unctuous to the 
touch. B. fusible with great difficulty. Not acted on by acids. 

Occurs alone as talk-slate, and is a constituent of some granular rocks. The Tyrol, St. 
Gotthard. Sweden, Bavaria, Siberia, Scotland, Saxony, Bohemia, United States, Greenland. 
PoUslone, or lapis ollaris, is a coarse and indistinctly granular variety, which, fri>m its soft- 
ness ifhd tenacity, may be readily turned. Tt is used for the manufacture of eooking utensils 
and other vessels, for fire stones in furnai'es, in powder for dirainishing f^tion in 
machinery, and for removing oil stains from cloth. 
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Chloiite. — Talk ChhriU^ Ripidoliih^ Primaiie Talk Olimmer. — A hydrosilicate of 
alumina and magnesia, shombohedi^. 11 1*0 ~ 1*5 G 2*78 — 2*96. Case 32. 
Transparent, translucent Lus, pearly. CoL green, blue, red. Str. green. In thin 
leaves, flexible ; not elastic. B. fusible on the edges. Decomposed by strong sulphuric 
acid. 

Found in granite, gneiss, diabase, and - sljity rocks. The Ural, Norway, Sweden, 
Switzerland, the Tyrol, Saxony, Cornwall, Arrau, Bute. Derives its name from 
green, 

&ipidolita« — Chlorite^ Prismatic Talk Olimmtr^ Kiimmereiiite, LeuchtenhcrgitCy Pen- 
ninCf Pjodochromc , — A liydrosilicate of alumina and magnesia. Rhombohediral. 
II 2*0 — 3*0 G 2*615 — 2*774. Case 32. Semi-transparent, translucent. Lus, vi- 
treous. CqL green, violet. white. In thin leaves, flexible, but not clastic. 

B. fusible on the edges. Decomposed by hot sulphuric acid. 

Found in beds and veins in crystulUiie ri)ck8. The Tyrol, Piedmont, the Ural, Silesia, 
the Pyrenees, Norway, Siberia, Styria, Bidtimurc. The violet varieties arc colled ^kiimmer- 
eritc. Its name is derived from pirns a fan, 

XiOganite.— A hydrosilicatc of alumina and magnesia. Vxismatic. H 3*0 
G 2*60 — 2*64. Frac, uneven. Subtranslucent. Lus, vitr 90 us. CoL brown. &7r. 
grayish-white. B. infusible. Partly decomposed by acids. 

Found in limestone at Ottawa in Canada. 

PyxophUUte.— 2 (AV^ 0» -f- 8 Si 0^} 3 11 0 pxiBmatie. 11 1*0 G 2*785. 

Case 32. Translucent. Ztts, pearly. Col. green, white. Str, white. B. fusible with 
dUEculty. Partially decomposed by sulphuric acid. 

Found in granite. The Ural, Belgium, the Brazils, United States. 

Amphlbola. — Ilornhlende^ Uemiprmnatie Augite Spar^ Smaragdiie, TrehmlitCy 
Actinolite^ Asbestos^ Strahlstein, Raphilite^ Cwnmingtonite. — 3 (R 0 + S 0-) + (2 R 0 

S 02), where R is Mg, Co, and Fc. obliquet H 5*0 — 6*0 G 2*90 — 3*40. 
Gases 33 and 34. Frac, imperfect, conchoidal. Slightly translucent, opaque. Jms, 
vitreous. Col, colourless, white, green, brown, yellow, gray, black. Str, grayish-white, 
brown. Brittle. B. fusible. Slightly soluble in hydrochloric acid. 

C$rammalHe.-^TYie white, green, gray, semi-transparent, and translucent varieties, found 
in graiiulur limestone, granite, and marble. St. Gotthardt, Transylvania, Bohemia, the 
Tyrol, Sweden, France, the Banat, Massachusetts, Aberdeenshire, Iona. 

The greenish varieties, found in beds of iron ore. Saxony, Bohemia, Norway, 
Sweden, the Tyrol, Styria, Moravia. 

AnthophylWe.—Yo\\\\\\. in Norway, Greenland, and United States. 

Mountain Woody Mountain Corky Arc., are hbrons varieties. Found in the Tyrol, Saxony, 
Bohemia, Sweden, Switzerland, Spain, the United States, Scotland. 

Asbestos, or Amianthus, — A variety in flexible slender fibres Corsica, Piedmont, Savoy, 
Saltzburg, tlie Tyrol, Dauphiuc, Hungary, Silesia, United States, Cornwall, Aberdeenshirk 
(aerfiearosy unconsumable). The ancients wove this substance into cloth, which could be 
purified by burning. 

Common Hornblende,— In dark green or black crystals, found in beds of iron ore. Norway, 
Sweden, Finland, Saxony, Bohemia, the I’yrol, Carinthia. 

Basaltic Hornblende. — Black opaque crystals, embedded in basaltic rocks. Bohemia and 
Spain. 

Oblique, H 5*0 — 6*0 G 3*07 — 3*08. Case 33. 
J^ac. ' conchoidaL Translucent. Lus. vitreous. CoL bluish-green. Str. * white. 
B. fusible. 

Found in limestone at Pargns in Finl.ind. 



SILICATES. 


525 


Masonite.— C'A&iriYc Spar^ Chloritoid^ Barytophyllite.-^K hydrosilicate of alumina 
and iron. H 5*5 — 6*0 G 3*45 — 3*55. Case 33. Translucent in thin leaves. Im. 
pearly. Col blackish-green. Str, greenish-whito. Brittle. B. fusible on the edges. 
Not acted on by acids. 

Found in chlorite slate. Siberia, Rhode Island, the Tml, the Ural. 

Aifrcdsonite. — Peritomous Auptie Spar^ JEgirine, — Oblique. H 6*0 G 3*328 

3 - 44 , Case 33. Frae. imperfect, conchoidol. Opaque. Lns. vitreous. Col black. 

Sir. green. B. fusible. 

Found in slate rock and beds of iron ore. Greenland, Norway, Arendal. 

Ksokydolite. — Blue Asheeio8,--k hydrosilicate of iron. H 4*0 — 4*5 G 3*2 
^ 3*3. Case 34. Delicate fibres like asbestos. Translucent. Lue, silky. CoL indigo- 
blue. Tough, clastic, flexible. B. fusible. Not acted on by acids. 

Found in syenite and quartz. South Africa, Norway, Greenland, Saltzbnrg. Derives its 
name from KpoKvs a flock of wool on account of the slender threads into which it is 
divisable. 

Auglte.— Biopside, Amtanih, MaheoUthj Taraiomoue^ Augite Bpar, 
AMUty Baikalitty Jeflerdbfiitey Goceolifey Sahlitey OmphazitCy PyrgomCy Fassite, — (Ca 0 -|- 
Si 0*} 4* 0*), where R consists essentially of Mg and Fc. oblique. 

JI 5*0 — 6 0 G 3*2 — 3*4. Case 34. Frae, conchoidal, uneven. Transparent, opaque. 
Lus, vitreous. Col colourless, white, green, gray, black. Str, white, gray. Brittle. 
B. fusible. Slightly affected by acids. 

Found in basalt, lava, limestone, meteoric stones, and slag of iron fhmaces. Bohemia, 
Franco, Vesuvius, Tencriffe, Scotland, Finland, North America, Switzerland, Sweden, 
Norway. Can be formed artificially by fusing silica, lime, and magnesia in the right pro- 
portions. Some of tlic transparent varieties, when cut and polished, form handsomes onia- 
mental stones, of colours varying from the emerald to the yellow topaz. 

Byrpenthene. — Pauliity Priematoidal Schiller Spavy Labrador JTornhleudey JDiallagt 
Metalloide.—B,0 + Si 0^ where R is Mg and Fc. oblique. II 6*0 G 3*39. Case 34. 
Frao, uneven, opaque, translucent on tho edges. Lue, pearly-vitreous. Col grayish 
or greenish black. Str, greenish gray. B. fusible. Insoluble in acids. 

Found imbedded in a greenstone rock, also associated with Labrador felspar. Labrador^ 
Greenland, Norway, Skye, Saxony, Bohemia, the Tyrol, Sweden, SileBia, Berlin. Dia- 
tinguished from bronzite by its cleavage. Cut and polished it presents a heantiflil red colour 
and pearly lustre. 

IMallago. — Frimaiic SehUUr Spary Diatomoue Schiller Spar. — Oblique* 71 4*0 
G 3*2 — 3*3. Case 34. Frae. uneven. Opaque. Zua. pearly or silky. Col gray, 
greenidi, brown. Str. white. B. fusible. Insoluble in acids. 

Found with amphibole. The Hartz, Silesia, Apennines, the Ural, 

Zlwnite.— Xiemfs, FsfiiVs, Fer Caleardo Silieeuxy Biprhmaiie (Fe^ 0^ -f- 

Si 0^) + 2 (R* 0 ^ 8i 0>), where R is Ca and Fe. pxismatie* H 5*5 — 6*0 
G 3*989 — 4*015. Case 34. Frae. imperfect conchoidal. Opaque. Zue. imperfect 
me t allifi- CbL black, inclining to gray, brown, and green. Str. black. Brittle. 
B. fusible. Decomposed by vrann hydrocUorio acid, leaving a jelly of silica. 

F^und imbedded in augite in Elba, Norway, Silesia, Moravia, Siberia, Greenland. 
Aemitod— PimiMfioitt Augite 8per^2 Fe^ 0^ + 3 Si 0>) + 2 (Na 0 + Si 0^}. 
oblique. H 6*0 — 6*5 G 3*53 — 3*55. Case 34. Frae. imperfect conchoidal. 
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Nearly opaque. Las. yitreoa9» Col, brownish-black or reddish-brown. Sir. greenish- 
gray. B. fMble, Partially decomposed by hydrochloric and sulphuric adds.^ 

Found in granite and syenite. Norway. A scarce mineral. Berires its name firom 
ajcjai}. a pointy on account of the form of its crystals, some of which have been found a foot 
in length. 

8pldotobr--PW«ffMfo«dis/ Aitgiie Spar^ Piataeite^ ThaXSU^ WWwmitOj Akaniicon^ 
DtlphiniUj Arendalite^ ThuUief PmehhiniUy Achmatite , — (3 Ca 0 -|- 2 Si 0^) + 
2 (R3 0^ + Si 0*), where is Al, bV, or Mn®. oblique. H 6-5 G 3 0 - 3*5. 
Case 35. Frae. uneven, semi-transparent. Lus. vitreous. Col. green, yellow, brown, 
red, black. Sir. gray. Brittle. B. fusible. Decomposed by hydrochloric acid, 
leaving a jelly of silica. 

Occurs in granite, syenite, trap, porphyry, and slate rocks. Norway, Sweden, the 
Alps, Dauphine, the Ural, Pyrenees, Bohemia, Finland, Greenland, Norway. 

Zoiiite.-*Obllque, Case 35. Lus, vitreous. Col, grayirii-white, yellowish- 
gray, brown, green. B. fusible. 

Found in Carinthia, the Tyrol, Saltzburg, Bayreuth, Bavaria, the Ural. 

Soflaerwilllto. — MeUlitCy HumboldtiliU^ Zurlite, — 2 (? RO -f- 2 Si 0^) 4- 
(R' (P Si 0'^), where R is Ca, Mg, Na, and E, and R' is Al and Fo^. pysamldalf 
II 5*0 — 5*5 G 2*90 — 3*104. Case 35. Frac. conehoidal, uneven, semi-transparent. 
Opaque. Lu». vitreous. Col, white, green, yellow, brown. Sir, white. B. fusible. 
Decomposed by hydrochloric acid, leaving a jelly of silica. 

Found with calcito and in lava. Monte Somma and Capo di Bove. 

Baatlte.— Spar^ Metalloid Biallage. — 4 (RO -f- Si 0^) (Mgo 4* 4110) 
where R is Mg, Ca and Fe. 11 3*5 — 4*0 G 2*6 2*8. Case 35. Frac. uneven. 
Translucent. Lite, pearly. Col. green, brown, yellow. Sir, greenish-white. B. 
fusible on the edges. Decomposed by sulphuric acid. 

Found in the euphotide of the Hart/. 

Babingtonlta.— .ifrrofomous Augite Spar, — aaoiUiio, H 5^5 — 0*0. G 3*355 
— 3’40G. Case 35. Frac, imperfect, conehoidal. Lw, vitreous. Col, black. Str. 
greenish-gray. Brittle. B. fusible. Decomposed by boiling hydrochloTic acid. 

Found in magnctile, quartz, felspar, and prehnite. Norway, Shetland, New York, 
Massachusetts. 

Mociane— — Oamet, Vesuvian^ Egeran, Loboit^ Frugardit^ Cyprine. — 
(3CaO + 2Si02) 4- (AlO^ + SiO^). pyxMnidal. H 6*5 G 3*35 - 3*45. Case 35. 
Frae. imperfect conehoidal. Transparent, translucent. Lus, vitreous. Col, green, 
yellow, brown, black. Str, white. B. fusible. Imperfectly decomposed by hydro- 
chloric acid. 

Found in doldmite,* serpentine, 'and limestone. The Ural, St. Gotthordt, Norway, 
Bohemia, Sweden, Finland, the Pyrenees, Saxony, Ireland, Spain, North America. At 
Naples and Turin ornaments are formed of idocrase, which- takes a good polish, and are 
sold under the denomination of hyacinth, crysolite, &c. 

U wniu Ei H e .— md Lime (3CaO 4“ 2SiO*) 4- (0t*0* + SiO*). 

cubic, H 7*6 — 8*0 G 3*418. Case 36. Frae, imperftet^ eonehoidal. TLcns- 
lucent. Lm, vilreous. CoL emerald-green. Str. gxeenish-wbHe. B* Hift ia iMe . 

Found in the Urol, 
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Chumet. — Alloehroiiy Badecakeiral (SRO + 2Si03) (R^O^ SiO*}, 

where R ia Ca, Mg, Fe ; and R* xa Al, Fe^ cvMe. H 6*o — 7*5 G 3*1 — 4*3. 
Case 36. Frae. eanchoidal. Transparent, opaque. Lua. Titrcoua. CoL red, brown, 
yellow, white, green, black. Sir. white, gray. B. fusible. Soluble imperfectly in 
hydrochloric acid. 

Mmandine, the transparent red garnet, found in sant, alluTial soil, and gneiss. Pega, 
Ceylon, Hindostan, Brazils. 

Common Qamet, found in Saxony, Norway, Sweden, Finland, Hungary, Stiria, the Tyrol,, 
Moravia, Silesia, Siberia. 

Calophonite, granular brown garnet. Arendal and North America. 

GroMular Oamet and Pyrenaite, a light-green variety. Kamtsehatka. 

Melanite, black garnet. Vesuvius, Rome, Norway^ the Tyreneea. 

TopazolHe^ honey-yellow garnet. Piedmont. 

Esaonite or Cinnamon StonCf Pomanoztn>iie, reddish-yellow garnet. Ceylon, Egypt, 
Finland, Piedmont. 

Pyrope^ durk-red variety of garnet. Saxony, Bohemia, Ceylon. 

AYhen the garnet is of a rich colour and free from flaws, it fttrms a valuable gem ; it may 
be distinguished from corundum or spinel by its colour being duller, Coarse garnets 
reduced to a fine powder, are used instead of emery for polishing metals. | 

; •• 

Gehlenite. — StylohiU, Pyramidal Adiapham Spar. — (3 CaO + SiO^) (AlO’ 
-f- SiO'). pyiraxnidal. II 5*5 — 6*0 G 2*99 — 3*10. Case 36. Frae. imperfect 
conchoidal. Translucent on the edges. Lim. resinous. CoL gray, brown, green. 
Sir, white. B. fusible with great di:J^culty. Decomposed by warm hydrochloric acid, 
leaving a jolly of silica. 

Found imbedded in colcitc, near Vigo; also in the slags of iron furnaces. 

Gofdiexite.— Pe/tbma, linamatie Quartz, Dichroite, Steifiheilite.^^KL 0^ 

^ Si 0*) + 2 (Mg 0 + Si 0’^). prismatic. H 7*0 — 7*5 G 2*600 — 2*718. 
Case 36. Frae. conchoidal. Transparent. Lm. vitreous. CoL blue, inclining to gray 
or black. Sir. white* B.^fusiblo on the edges. Imperfectly decomposed by acids. 

FoutuI in gneiss. Spain, Bavaria, Finland, Norway, Sweden, Greenland, Siberia, North 
America, Ceylon. PinW\ Givacckite, Ooaite, KiUinitr, FahltmUe, TrklaMitt^ Bonadorffiltt 
Etmarkite^ AapanioHU, Pyrargyllile, Chlorophyffite^ (lUjantolitr^ Pranfolile, Weuaiig^ 

are supposed to ho (^ordieriUt more or less changeil by decomposition. A transparent 
variety from Ceylon, of an intense blue colour, is cfilled Sapphire tVeau; it is inferior in hard- 
ness and lustre to the sapphire, and its specific gravity is less. 

Soidawalite.— Massive. H 4*0 — 4*5 G 2*55 — 2*62. Case 36. Fraa. con- 
choidal. Opaque. Zw» resinous. CoL black, brown, green. Str. brown. Brittle. 
B. fusible. Imperfectly decomposed by acids. 

Found at Sordawla in Finland. 

BTagationitc.—OMiqne.~ H 6*3 G 4*115. I^ae. uneven. Opaque. Lua. vi- 
treous. CoL black. Str. dark brown. B. fusible. 

Found at Slatoust in the Ural.* 

UneUaiiditc.— Avyiia Spar. — (3 Fe 0 + 2 Si 0^) 2 (F^ 0^ Si O^). 
obllqMa n 6*0 G 3*865. Case 20. Fraa. uneven. Opaque. Zua. vitrooua. 
061. dark brown, black. Str. gray. B. fusible. 

Faniid in volcanic rocks and granite.* Arendal, Tiaach, Siberia, 'kmcfyamt^taand, 
having a general resemblance to angifte. 
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Stauiolite. — Grenatitey Prismatic Garnety Prismatoidal GarneU-~‘^ 0^ + Si 0* 
whcro R is A1 and 2 Fe. piiunatic. H 7*0 — 7*5 G 3*52 — 3'79« Case 31. JW. 
conchoidal, uneven. Translucent. Zua. vitreous, inclining to resinous. Col. reddish- 
brown, blackish-brown. Sir. white. B. nearly infusible. Partially decomposed by 
sulphuric acid. 

Found in mica, talc, or clay sla^, rarely in gneiss. St. Gotthardt, Transylvania, Mora- 
via, Spain, Var, Hebrides, AherdeAshire, tlie Ural, New England. The crystals of this 
mineral are sometimes curiously associated with those of Kyanite, the crystals of the two 
substances being disposed sometimes parallel, as if forming one crystal, and sometimes at 
right angles to the axis. Named from trravpos a cross. 

Kaxpholite.— A hydrosilicatc of manganese. H 5*0 — 5*5 G 2*935. Case 36. 
Feebly translucent. Opaque. Zus. vitreous, (hi. yellow. Sir. white. B. fusible. 
Scarcely acted on by hydrochloric acid. 

Found in acicular and capillary crystals in granite. Bohemia. Named from Kapoor, a 
straw i on account of its colour. 

Emerald. — Bar//?, Aquamarine^ BavidsonitCy GoshenitCy Birhomhoheirie Smaragd . — 
(A1 0® + 3 Si 03) + 3 (G 0 + Si O^). xhombohedxal. II 7*5 - 8*0 G 2*67 - 2*75. 
Case 37. Frae. conchoidal, uneven. Transparent, tra-nslucent. Lns. vitreous. 
Col. green in the emerald, colourless blue, yellow and red for the beryl. 8tr. white. 
B. fusible on the edges. 

The Emerald is found in Peru, Egypt, Siberia, and Norway. 

The Beryl, or aquamarine, in Saxony, Bohemia, Bavaria, Elba, France, Norway, Sweden, 
Finland, Siberia, North America, Bruxils, Ireland, %nd Aberdeenshire. The emerald is 
most valuable as a gem. 

Snclase. — Prismatic Smaragd.— [k\ 0® + 3 Si 0®) + 6 (2 G 0 + Si 0^). 
Oblique, n 7*5 G 3*0 — 3*1. Cose 37. Frac. conchoidal. Transparent, semi- 
transparent. Lus, vitreous. Col. green, yellow, blue, vei-y pale. Sir. white. B. fusible. 
Not acted on by acids. 

A rare mineral ; found in chlorite slate, mica and fluor. Brazils, Connecticut, Peru. 
Perives its name from cv easily, and icAov to break, on account of its brittleness. 

9hma3sXttm -- Rhotnhohedral Smaragd . — 2 G 0 Si 0*. rhombohedxal. 
n 7*5 — 8-0 G 2*96 — 3*0. Case 37. Frae. conchoidal, uneven. Transparent, 
translucent. Lus. vitreous. Col. colourless, yellow, brown. B. Infusiblo. Insoluble 
in acids. 

Found with iron ore, emerald, green felspar, and topaz. Alsace and Siberia. Derives 
its name from a decewer, on account of its having been mistaken for quartz. 

Tetrahedral Garnet.— Z (2 BO -^- Si 0®) -f Mn S where R is Pe, Mn, 
and G. cubic. H 6*0 — 6*5 G 3*1 — 3*3. Case 37. Frae. uneven. Translucent 
on the edges. Las. vitreous. Col. brown, yellow, green. Sir. white. Brittle. 
B. fusible. Decomposed by hydrochloric acid leaving a jelly of silica. 

A very rare lilineral ; found in gneiss. Saxony, Norway, and Bavaria. Named from 
4X(0$ the sun, on account of its yellow colour. 

Oadolonite.— ZRmtrjTrwmafto Melans orcy YtterWe. pxiamatic. II 6*5 G 4*2 — 
4*4. Case 37. Frae. conchoidal, uneven. Opaque. Ims. vitreouF. Ccd. black, ael- 
dom red. Sir. greenish-gray. B. infusible. Decomposed by hydrochloric acid, 
leaving a jelly of ailica. * 

Found in granite, gneiss, syenite* and trap. Stockholm, Fahlnn, Ceylon, Galway in 
Ireland. Yttria was first discovered by Gadolin in this ore. 
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AHanito. — Orthittty Cerine, Bagrationite^ UnUorthit^^ Xanthortiie^ Pyrorthile^ Slack 
Siliceous Oxide of Cerium^ Tetarto Prismatie Melane Ore, — (3 It 0 + 2 Si 0*) + 
(Ri 03 4- Si 03) where R is Co, Ce, and Fe, and R' is Fe^ or Al. oblique. II 6*0 
G 3*1 — 4*2. Case 38. Frae. conchoidal. Opaque. Lus, imperfect, metallic. Col. 
black, brown, green. Sir. greenish or brownidi-gray. Brittle. B. fusible. 

Found in granite. Greenland, Norway, Sweden, the^ral. 

Tscbeffkliilte. — H 6*3 G 4*608 — 4*649. Case 37. Frae. conchoidal. Almost 
opaque. Lus. yitreous. Col black. Sir. brown. B. fusible. Soluble in hydrocliloric 
acid, leaving a jelly of silica. 

Found with felspar in the Ilmen mountains near Miask. 

Rutile. — Oxide of Titanium^ Peritomous Titanium Ore^ Tilansekorl^ Nigrine^ Gallici- 
«»7e, Sagenitey Ti 0». pygamidal. H 6*0 — 6*6 G 4*22 — 4*30. Case 37. 

Frae. conchoidal, uneven. Translucent, opaque. Lus. adamantine. Col, reddish- 
brown, red, yellow, black. Str. very light brown. B. infusible. Soluble with diffi- 
culty, when powdered, in hot concentrated sulphuric acid. 

In veins and beds with quartz, felspar, and in alluvium. Hungary, Styfia, Norway, the 
'I’yrol, liohemia, Switzerland, Ceylon, Franco, Siberia, North and South Amcrico, Fife, 
I'erihshire, Shetland. Used in painting porcelain. 

Anatane. — Pyramidal Titanium Orty OctahedritOy Oisanite. — ^Ti pyvamidal. 

II 6*6 — 6*0 G 3*83 — 3*93. Caso 37. Frae. conchoidal. Semi-transparent, trans- 
lucent. Lus. adamantine. Col. bluo, black, red, yellow, brown. Str, white. Brittle. 
B. infusible. Not decomposed by acids. 

Found in granite and mica slate. Dauphinc, Switzerland, Cornwall, Spain, tho Ural, 
Norway, Brazils. 'I'ho crystals from the Brazils resemble tho diamond so much in colour 
^ and general appearance, as often to deceive lapidaries and mincrid dealers. 

Pyxochloxe. — Microlite, Octahedral Titanium Ore, — Qubic. II 6*3 — 6*6 G 4*19 
— 4*33. Case 37. Frae. conchoidal. Opaque, translucent on tho edges. JAts. resinous. 
Col. dark brown. Str. light broum. Rather brittle. B. fusible. Decomposed iu 
powder by concentrated sulphuric acid. 

Found in syenite and granite. Norway, the Ural. 

Sphene. — TitanitSy Broton and Yellow Menaehine OrCy Calcareo-siliceaus Titanium, 
Orcenovitey LederitSy Pictitey Arpidelitey Prismatic Titanium Ore. — (2 Ca 0 -f- Si 0-) -|- 
(2 Ti 0 + Si 03). oblique. H 5*0 — 6*6 G 3*3 — 3*7. Cose 37. Frae. im- 
perfect, conchoidal. Transparent. Lus, adamantine. Col. yellow, green, brown, red. 
B. fusible on tho edges. Decomposed by sulphuric acid. 

Found in granite, syenite, gneiss, slate, marble, basalt, and lava, l^edmont, the T}to1, 
the Pyrenees, the Urid, Norway, Sweden, Bohemia, Moravia, France, Scotland, Ireland, 
Crreenland, Brazils, United States, Greek Islands. Derives its name from a wetfye, on 
account of tho shape of its crystals. • 

Birookito. — Prismatie Titanium Ore, JuranitCy ArkansitCy Eumanite. — Ti O^. 
prismatic. H 6*0 G 4*126 — 4*170. Case 37. Frao. uneven. Translucent, 
opaque. Lus. metallic. Col. yiellowiah-brown, reddish-brown, hyacinth-red. Str. 
yellowish-white. Brittle. B. infusible. In powder soluble in hot ceucentrated 
sulphifric acid. 

Danphine, Switzerland, the Ural, Caernarvonshire, iEtna, Arkansas. It is not a common 
mineral. 
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rexowBkite.— (Ca 0 + Ti O-^). cubic. U 5-8 G 3-99 — 4-017. Case 37. 
Opaque. Lus, adamantine. Col, black, reddish-brown. Str, grayish-white. B. in- 
fusible. Acted on very feebly by hydrochloric acid. 

Found in limestone and chlorite slate. Vogsburg and the Uml. 

Mengite.— Supposed to contain oxides of iron and manganese, titanic acid and 
;'.ircoma. pzlBmatlc. II 5*0 — 5*5 G 5*43. Frac, uneven, conchoidal. Opaque. 
Lus. metallic. Col. iron-black. Str. brown. B. infusible. Soluble in hot concen- 
trated sulphurie acid. 

Found in albitc in Siberia. 

Folymlgnite.— Jifslane Ore, — Prismatic. II 6*5 G 4*75 4*81. 

Case 37. Frac, conchoidal. Opaque. Lus, metallic. Col. iron-black. Str. dark 
brown. Brittle. B. infusible. Decomposed in powder by concentrated sulphuric 
acid. 

Found in syenite and basalt in Norway. 

Fergusonlte. — Tyramidal Melane Ore. — (6 II 0 Ta 0®), where R is Y, Cc, and 
Zr. pyramidal. H 5*5 — 6*0 G 5*8 — 5*9. Case 37. Frae. conchoidal. Opaque. 
Lus. imperfect, metallic. Col, blackish-brown. Sir, pale broWn. Brittle. B. infusible. 

Found in quart/ in Greenland. 

PolykrasCt — Prismatic. II 6*0 G 5*105. Frae. conchoidal. Translucent in 
thin fragments. Lus, metallic. Col, black. Str. grayish-brown. B. infusible. Du- 
oomposed by liot sulphurie acid. 

Found ill granite in Nonvay. 

JEschynite.— Prismatic. H 5*5 G 5*1 — 5*2. Case 37. Frac. imperfect 
eonchoidal. J^^aintly translucent ou the edges. Opaque. Lns. imperfect mctalljc. 
Col. iron, black, brown. Str. yellowish-brown. Brittle. B. nearly infusible. Par- 
tially docomiiosed by concentrated sulphiuic acid. 

Found in a ro»'k consisting of felspar, albite, and mica, near liliask, in the Ural. 

SflCalacone. — Pyramidal. II 0*0 G 3*903 — 3*913. Frac. conchoidal. J.ns. 
vitreous. B, infusible. Decom])osed by hot sulphuric acid. 

Found at Hitton'ie in Nonvay, 

CBrstedite.— Pyramidal. 11 5*5 G 3*029. Cose 37. Translucent. Lvs, 

adamantine. Cul. yellowish-brown. B. infusible. 

Found at Arondiil in Norway, 

BEosaadrite.— II 4*0 G 2*93. Case 37. Translucent in thin fragments. Lm, 
i*csinous. CoL brown. Str. grayish-brown. B. fusible. Decomposed by bydru- 
cbloric acid. 

Foimd ill syenite, Nonvay. 

SLeilhauite. — Yttrotitanite. II 6*5 G 3*69. Case 87. Frae. conchoidal. Trans- 
lucent. Lus. vitreous. Col. brownish-block. Str. grayish-brown. B. fusible. 
Decomposed hy hydrochlorio acid. 

Found at Buon in Norway. * 

Xscrine. — Hexahedral Iron Ore^ Oxidulous Titanitie Fo O R* CF, where 
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R is Fe or Ti. cubic. H 6*0 - 6 5 G 4*86 — 5*10. Case 37. Frac. conchoidol 
Opaque. Zua, metallic. Col, iron-block. Sir. block. Biittlc. Magnetic. B. infusible 

Found in basalt and dolorito, also as sand in alluvium. Saxony, Upper Tiusotia, Unkel, 
the lihinc, France, Calabria. Distinguished irom nigrine, a variety of rutile, by its inferior 
hardness and black streak. 

Hmenile^jPitamiie Iron, Axotomous Iron Ore, Crichtonitey KildelophanCy Menac^ 
canitc , — Ti 0*^ with Fe 0^ in various proportions, vhcmbchedval. II 5*0 6*0 

G 4*66 — 6*31. Caso 37. Frae, conchoidol. Opaque. Lits, imperfect metallic. 
Col. iron-black. Sir. black, brown. Brittle. B. infusible. 

Found imbedded in serpentine, and also disseminated through sand. Saltzburg, Siberia, 
France, Bohemia, St. Domingo. 

Klobite. — Tantalitey JlaieriiiCy TorrcUtCy Hemipriamatie Tantal OrCy Cohmbite. 
prismatic. II 6*0 G 6*32 — 6*39. Oosc 38. Frae. imperfect conchoidol. Opaque. 
Lm. imperfect metallic. Col. black. Sir. dark-brown or black. B. infusible. Not 
acted on by acids. 

Found in granite. Rabcnstcin, Ilmen, Connecticut, Massaelmsctis, and New Hamp- 
shire. 

•• 

Tantalite. — Prismatic Tantalum Ore, Cohmhite . — Fo 0 4- Ta O'"*, prismatic. 
TI 6*0 — 6*5 G 7*0 — 8*0. Caso 38. Frae. conchoidol. Opaque. Lus, imperfect 
metallic. Col. iron-black. Sir. brown. B. fusible. Not acted on by acids. 

Found in granite, felspar, and quartz. Sweden, Bavaria, Bohemia, Connecticut, Mas* 
siicTiu soils'. 

Tttrotantalite. — (3 RO + Ta O'*), %vhcre R is Y, Ca, Fe, U. H 6*0 — 6*6 
G 6*Jll) — 5*88. Caso 38. F/wr. conchoidal. Opaque. imperfect metallic. Col, 
black, brown. Sir. gray or white. B. infusible. Not acted on by acids. 

Found in iiidisLinctly formed crystals, in fvlsxiur and granite. Swedi^^, F.'dduii, arid Uio 
Ural. 

Samarskite. — ITranoianial, Yilro^ilmentic. prismatic* 116*6 G 6-617 — 6*716. 
C-aso 3S. IVac. cmchoidal. Opaque. Lus. imperfect metallic. Col. black. Sir. 
dark-brown. 11. fusible on tho edges. Soluble in hydrocliloric acid. 

Found in f Kpar. Ilmen, near Minsk. 

Wolilczite.— II 5*5 G 3*41. Caso 38. Fran, conchoidal. Translucent. Lus. 
vitreous. Col. yellow, brown, gray. Sir. yellowish-white. B. fusible. Decomposed 
by warm concentrated hydrocliloric acid. 

Found in tabular and columnar crystals in syenite. Nsnvay. 

Suxenite.— 1£ 6'5 G 4*6. Case 38. Frae. imperfect conchoidal. Translucent. 
Las. resinous. Col. brownish-black. Sir. reddish-brown. B. infusible. Not acted 
on by acids. « 

A rare mineral, found in Norway, named from ev^eros a stranger, on account of its 
rai'ity. 

Schozlomite.— 2(RO + SiO-) + (2RO -J- TiO-), where R is Fe, 
Co, and Mg- amoiphons. 7‘6 G 3-^3 — 3-807. F^«e. conchoidol. Opaqne. 

Lttit. ^trooua. Col. black, iridescent B. fusible on the edges. Decomposed paiiially 
by hydrochloric acid. 

Found massive with brookite. Arkansas, 
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Antlmonochex. — Cmantiief Antinumial Oehre^ Antinumxal Oxide. — SbO^ 4 * SbO* 
4 - 2H0. amozphoiu. Very soft. 6 5*28. Case 38. Frae. uneven, earthy. 
Opaque. Lua. dull. Coh yellow. 8tr. yellowish-white, shining. Brittle. B. 
volatilizes. 

found with antimonitc, in Spain, Hungary, Bavaria, Mexico, Fadstow, Cornwall. 

Keimet . — Red Antimony^ Antimony Mendoy Fiiiimatic Purple Blende. — (SbO^-f- 
2SbS3). oblique. 11 1*5 G 4*5 — 4*6. Case 38. Faintly translucent. Lue. 
adamantine. CoL cherry-red. Sir, red. Scetile. B. fusible. Soluble in hydro- 
chlorio acid. 

Found in crjstallino slate and transition rocks. Snxony, Bohemia, Hungary, Dauphinc. 

Ziuderezz.— -An impure arsenical sulphuret of antimony and lead. CoL dirty 

red. 

Found in capillary crystals interlaced, and presenting the appearance of flakes of tinder. 
Tlie Hartz. 

▼alentlnite. — Exitth^ Oxide of Antunonpy While Antimony^ Prismatic Antimony 
Baryte. — SbO^ piismatle. H 2*5 — 3*0 G 5*566. Cose 38. Semi-transparent, 
translucent. Lus. adamantine. Col. white, gray, yellow,^ Drown, rod. Sir. white. 
Sectilc. B. fusible. Soluble in nitro-muriatic acid. 

Found in Bohemia, Saxony, Hungary, Nassau, Dauphinc. Oxide of antimony, cry'stal- 
li/ed artificially, is dimorphous ; tlie crystals belonging to the cubical or prismatic system, 
according as they arc formed at a high or low temporaturo. 

Scheelits. — Ikmgstate of Lim^ Tungsten^ Pyramidal Seheel Baryta. — CaO 4“ WO®, 
pyramidal. II 4*5 G 5*9 — 6 * 22 . Case 38. Free, imperfect conchoidol. Semi- 
transparent, translucent on the edges. Lus. vitreous. Col. white, gray, yellow, 
brown, orange, red, green. Str. white. Brittle. B. fusible. Decomposed when in 
powder by warni hydrochloric and nitric acids. 

Found in gold, tin, and copper mines. Bohemia, Saxony, Cornwall, Cumberland, 
Connecticut, Hungary, France, the Hartz, Siberia, Chili. 

Wolfram. — Tungstate of Iron^ Prismatie Seheel Ot'e. — (RO -|- WO®), where R is 
Fo and Mn. pzlsuiatlc. H 5*5 G 7*6 — 7 '5. Case 38. Frae, uneven. Opaque. 
Lm. adamantine. Col. brownish-black. Str. brown, black. Slightly magnetic. B. 
fusible. Decomposed by hydrochloric acid. 

Found in veins of quartz and granite. Bohemia, Saxony, France, the Hartz, Cornwall 
Cumberland, Hebrides, Ceylon, Siberia, Connecticut, South America. 

Ztolzite. — Tungstate of Lsad^ Seheel Leady Dystomous Lead Baryta ^Pb04- WO®. 

pyzamidal. H 3*0 G 7*9 — 8*09. Case 38. Frae. conchoidal. Semi-transparent. 
Lus. resinous. Col. gray, brown, yellow, green. Str. grayish- white. Brittle. B. 
fusible. Soluble in nitric acid. 

Found with quartz and mica, in the tin mines of Zimmwald, in Bohemia. Carinthia, 
ChUi. 

▼anadinite.— FkfiodtVife of Lsady Johtutonite.^PhQl 4- 2PbO 4 - (3PbO 4” 370®}. 
zhombohedzaL n 3*0 G 6*83 — 6*89. Case 38. Frae. conchoidal. Feebly 
tranducent. Opaque. Lus. vitreous. Col, yellow, brown, green, whitc.^ Str. 
white, yellow. B. fusible. Soluble in nitric acid. 

Found in Mexico, the Ural, and Dumfriesshire. 
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Bechenite.— (PbO + YO^). H 4*0 G 6*81. Lus. greasy. Col dull-red. Sir 
yellowish. B. fusible. 

Found in Bayoria. 

▼olbovtliiie . — VanadiaU of Copper. — 4CuO + VO® + HO, part of tiio Cu re- 
placed by Ga. xhoaibohedzal. H 3*0 — 3*5 G 3*459 — 3*860. Case 38. Trans- 
lucent. Lus. pearly. Col green, gray. Sir. yellowisb-green. 

Found in the pennian formation. Ingowskoi, Thuringia. 

Blolybdanocbex .— of Molybdenum^ Molybdie Mo 0®. Earthy. 

Case 39. Opaque. Lue. dull. Col. orange-yellow. B. fusible. Soluble in hydro- 
chloric acid, iu potash, and in ammonia. 

Found with molybdanite. Norway, Scotland, and tlie Tyrol. 

Wulfenlte . — Molybdate of Lead^ Yellow Lead Ore^ Carinthite^ Lyranddal Lead 
Baryta . — ^PbO MoO®. pyramidal. H 3 0 G 6*3 — 6*9. Case 39. Brae, oon- 
choidal. Transparent, translucent on the edges. Lm. resinous. Col colourless, 
yellow, green, red, gray, brown. Str. white. Brittle. B. fusible. Decomposed by 
acids. • • 

Founds in crystals and massive, and in lead mines. Carinthia, Austria, Hungary, the 
Banat, the Tyrol, Saxony, Bavaria, Massachusetts, I'ennsylvania, Mexico. 

Wolehonakoita.— (A hydrosilicato of chrome ?} H 2*0 — 2*5 G 2*213 -r- 2*303. 
Case 39. Frae. conchoidal. Opaque. Lue. dulL Col green. Str. lighter green. 
B. infusible. Decomposed by hydrochloric acid, leaving a jelly of silica. 

Found in veins and nodules. Perm in Bitssia. 

Chromoebza. — Massive and investing other minerals. Case 39. Opaque. Lus. 
' dull. Col, green. 

Found in conglomerate and porphyry. France, Sweden, Silesia. 

Xiehmannite.— C%ro»/tafe of Lead^ Red Lead Ore^ Umiprimatie Lead Baryta^ 
Kedoehrome^ Croeoisite^ Krohoite . — PbO + CrO®. obli^ua* H 2*5 — 3*0 G 5*9 

6*1. Case 39. conchoidal, uneven. Translucent. Lus. adamantine. Col. 

red. Str. orange. Scctilc. B. fusible. Decomposed by warm hydrochloric acid. 

Found with quartz in granite and talcose slate. Siberia, the Ural, Brazils. 

Pheeniclte.— Mctanec/iroiVc, Phmikochroit^ F/iSnicit.'^B PbO 2 CrO® H 3*0 
— 3*5 G 5*75. Translucent on the edges. Lus. resinous. Col red. Str. brick-red. 
Slightly brittle. B. fusible. Decomposed by hydrochloric acid. 

Found in veins of quartz in the Urol. 

▼aniuelinite . — Chromate of Lead and Copper^ Memiprtsmatie OUve Mdlaehiten — 
(3 CuO + 2 CrO®) -h 2 (3 PbO + 2 CrO®). obUqne. 31 3*0 7 - 3*5 G 5*75. 
Case 39 . Frae. flat, conchoidal. Slightly translucent Opaque. Jjus. waaty. Col 
green, brown. Str, green. B. fusible. Soluble in nitric acid. 

Found in veins of quartz. Thp Ural, Brazils, North America. 

G]uroniit 6 « — Chromate of Iron^ Octahedral Chrome Ore^ Prismatio Chrome Ore.^ 
RO -f B.'®0®, where R is Fe, Mg, or Cr, and R' is Or, Al, 8 ^ perhaps Fc. onbie. 
n 5*5 G 4*40 — 4 * 59 . Case 39 . Frae. ^uneven, imperfect conchoidal. Opaque. 
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Lu8. metallic. Col. irun-blaok, brownish-black. Str. dark-brown. Brittle. Some- 
times slightly magnetic. B. infusible. Soluble in bisulphatc of potash. 

Found in 8eq)entine, limestone, and in streams. France, Stiria, Banffshire, Stirling- 
shire, Silesia, Bohemia, Nonvay, Siberia, Hurylaud, Fennsylvanio, Vermont, New Jersey, 
Massachusetts, Baltimore, St. Domingo. The large proportion of chrome renders this a 
higldy valuable mineral. In combination with the oxidiis of other minerals it yields green, 
ycUow, and red pigments, used in oil iiainting, dyeing and colouring porcelain. 

SasBollne. — Native Jloracie Acid, Frismatic B&racie Acid. — BoO^ -f- SHO. 
anaoithic. 1X1*0 G 1*18. Case 30. Transparent, translucent. Zttf. pearly. Col, 
white, colourless, grayish-white, yellowish-white. Str, white, unctuous to the touch. 
TastCj acid and bitter. Soluble in water and in alcohol. 

l<'oiiiid, mixed with sulphur, in tho islands of Yulcano and Stromboli, and in the water 
of tho hot springs of Susso, in Tuscany. Used in tlic manufacture of borax. 

Hayesine ^llydroborocalcite.^2{fi?i0 -J- BO^) + GIIO. Case 39. Col. white. 

Found abuuJttiitly, in fibrous masses, on the dry plains near Iquique, in Peru. 

Kydifoboiacits.— (3CaO + 4BO-‘) + (3MgO + 4BO«) + 18110. II 3 0 G 1*9. 
Tn thin leaves translucent. CJ. white. B. fusible. Soluble in hot hydrochloric and 
nitric acids. 

I'ouud in fibrous masses iu the Caucasus. 

Tinool.— of Soda, Prieniatic Borax -NaO + 2BO* + lOIIO. 

oblique. 11 2*0 — 2*fi G 1*710. Case 39. Frae, conchoidal. Transparent, trans- 
lucent. Luh. resinous. Col, colourless, white, gray, yellow, green. Str. white. 
Rather brittle. Taste, alkaline, sweetish. B. fusible. Soluble in water. 

b'oimd on the shores of some lakes. Thibet, Ncpaul, China, Ceylon, South America, 
'JMneal, when purifitMl, fiirms the refined borax of commerce. It is used as a flux in gla.'js 
iiiantiriictorics and in soldering. 

Boracite — Borate of Magnesia, Tetrahedral Boracih. — 3MgO -f- 4BO\ cubic. 
11 7*0 G 2*83 — 2*98. Case 39, Brae, conchoidal. Transparent, translucent on 
the edges. Lus. vitreous. Col. white, colourless, gray, yellow, green, brown. Str. 
wliilc. Pyroclcotric. B. fusible. Soluble when in powder in hydrochloric and nitric 
acids. 

I'oiind in gj-psnm. Brunswick, Holstein, France, 

Rhodisite.— 3CaO + 4B03. cubio. 11 ;8*0 G 3*410. Translucent. Lm. 
vitreous. Col. w'hite, yellowish, grayish. Pyroelectric. B. fusible with difficulty. 

Found with red toumaline and quartz, in the Ui'al. 

Batbolite. — Siliceous Borate of Lime, Botrgolite, HnmhoUitc, FsinarHle, Frimatic 
Dgetmie (2CaO. SiO'-) -f (BO^ -f SiO-) -4- 110. pxiamatic. H 5*5 

G„2*8 — 3*0. Case 39. Frae. imperfect conchoidal. Translucent, transparent. 
Lm. vitreous. ' Col. white, inclining to green, yellow, and gray. Sir. white. Brittle. 
B. fusible. Decomposed by hydrochloric acid, leaving a jelly of silica. 

Found in slate, sandstone, serpentine, and greenstone. The Hartz, Bavaria, tlio Tyrol. 
Tuscany, ItJily, Connecticut, New Jei*sey, and Scotland. 

Touxmaline.— Aphriziie, Bubellite, Jn^ffcoZtVc.—irbombobedTal. ^ II 7*0 
— 7*5 G 3*0 — 3*3. Case 40. Frae. imperfect conchoidal. Transparent, almost 
opaque. Jms. vitreous. Cbl, colourless, gray, yellow, green, blue, red, brown, black. 
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Sir, white. Pyroelectric. B. fusible. Deoompesod by concentrated sulphuric .add 
after fusion. 

Found in gneiss, gi-anite, mica slate, pebbles and sand of rivers. The Grimsel, Sazony» 
Moravia, Massachusetts, Siberia, Bothnia, Carintlua, Ceylon, Pegu, Madagascar, Brazils, 
the Tyrol, Devonshire, Cornwall, Sweden, Norway! Greenland, the Pyrenees, Banffishire, 
Elba. The black opaque varieties are called aehorl^ the blue crystals from Sweden Miooliie, 
and the I'ed varieties rubeUiie, or aiberiU. The specimen of rubellite in the British Museum, 
presented by the King of Ava to Colonel Symes, has been valued at JS500. The blue, green, 
and brown transparent crystals arc much prized, on account of their property of polarizing 
light, when cut in thin plates parallel to the axes of the hexagonal prism. Some of the 
triinsparent varieties are used as gems, and are sometimes sold for emeralds, topaz, and rod 
s:ip})1iire. Tho yellow tourmaline is quite as valuablo as the topaz ; but the green and red 
arc inferior to the emerald and sapphire. The specilie gravity ailords a ready test for their 
discrimination. 

Azinite.— Axinite^ ThumUe^ TkumcrBtcin.^2LSXf3fMi\io. II G'5 — 7‘0 
G 3*29 — 3*30. Case 40. Frae, con(3hoidal. Transparent, translucent on tlio edges. 
Lm, vitreoua. CoL brown, bluo, gray. Brittle. Acquires vitreous electricity by 
friction, pyroelectric. B. fusible. Decomposed by hydrochloric acid after fusion, 
leaving a jelly of silica.^ 

Found |in granite, dionite, diabase, gneiss, mica slate, and clay slate. Dauphln6, Corn- 
wall, the Pyrenees, Savoy, St. Gotthardt, the 'rjrol Saxony, Norway, Sweden, tlic Ural, the 
Hsirtz. Though susceptible of a high polish, it wanis the brilliancy requisite for an orna- 
mcutal stone. 

TX^Axon, ^Carhofmte of Sodu^ Ilemiprismatie Natron Salt , — (NaO + CO’-) + 10 IIO. 
oblique. H 1*0 — 1*5 G 1*423. Case 41. Frac, conchoidnl, transparent, semi- 
transparent. Lm, vitreous. CoL colourless, white, yellow, gray. tr, white. Scctile. 
Taste alkaline, pungent. B. fusible. Soluble in water, 

Hungary, the Asiatic Steppes, Bohemia, Vesuvius, /Etna, TcnerilTe, Guodaloupi*, Egypt. 

Txona. — Vrimatoidal Trona Salt, Striated Soda , — (2 Na 0 + 3 CO'-) +4 TIO. 
oblique. H 2*5 G 2*112. Cise 41. Frac. uneven. Transparent, translucent. Lua, 
vitreous. Col, colourless, white, gray. Sir, white. Brittle. Taste alkaline. B. fusible. 
Soluble in water. 

Found on the hanks of natron lakes, and under a stratum of clay. Egypt, Fezzan, 
Colombia. 

Yhezmonatxite. — Frisnialic Carbonate of Soda, — Na 0 + CO- + IIO. 
pvlamatic. II 1*5 G 1*5 — 1*6. Frae. conchoidal. Transparent, translucent. jLus. 
vitreous. Col. colourless, white, yellowish. Sir, white. Scctile. Taste pungent, 
alkaline. 

Found with natron. Dehreezin, Vesuvius, Egypt, Asia, and America. Supposed Ut be 
the nitre of the Old Testament. 

Alstoulte. — Fii/Ai Priamatio Baryto-ealcite . — (BaO + CO-) + (Oa 0 +.Co®) 
pxlBinatle. II 4 0 — 4*5 G 3*65 — 3*70. Frae. conchoidal. Transparent, trans- 
lucent. Lua, vitreous. Col, colourless, grayish, white. Sir, white. Soluble in acids 
with effervescence. / 

Found in veins with galena, Alston Moore and Fullowfield. 

4axyto*Gal€ite. — Semiprimaiie ry fa.— (Ba 0 + CO-) + (Ca 0 CO®). 

obliquB. H 4*0 G 3*6 — 3*7. Case 41. Frae, imperfect conchoidal. Transparent, 
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translucent. Liu. yitreous. Col grayish, ycllovrisb, or greenish-white. Sir. white 
Brittle. B. infusible. Soluble with efifervcscencc in hydrochloric and in nitric acids. 

Found in mountain limestone. Cumberland. 

Withesite. CSsr^na^e of Baryta^ Biprumatie HaLBaryta . — Ba 0 + C 0-. 
prismatic. U 3*0 — 3*5 G 4*2 — 4*4. Case 41. Brae, uneven. Semi-transpa- 
rent, semi-tranalncent. Lus. vitreous. Col while inclining to yellow, gray, green, 
and red. Brittle. B. fusible. Soluble with effervescence in dilute hydrochloric acid. 

Found in transition rocks, granite and porphyry. Lancashire, Cumberland, Durham* 
Westmoreland, Shropshire, Flintshire, Styria, Soltzburg, Silesia, Hungary, Siberia, Sicily, 
Chili. Distinguislied from harytet by its solubility in acids. 

Stvontlanlte.— CbrdoMtffo ^6^/roft^taff, Perttomous EaUBaryta. Sr 0 G 0^ 
prismatic. II 3*5 G 3*59 — 3*65. Case 41. Frae. uneven. Transparent, trans- 
lucent. Lua. vitreous. Col colourless, white, gray, yellow, green. Sir. white. 
Brittle. B. fusible on the edges. Soluble with effervescence in hydrochloric and nitric 
acids. 

Found in limchtonc, clay, ironstone, basalt. Strontian, Leadhills, Yorkshire, Freiberg, 
Cinusthal, Saltzburg, Westphalia, the Grisons, Giant's Causeway, Poland, New York, Fern. 
Sirontia and all its combinations possess the property of giving a red colour to flame, and is 
therefore used for flrc-works. 

Axagonite . — Priamatie Lime Ealoide^ Tarnowitzite, Satin Spar^ Needle Spar^ lyhite. 
— Ca 0 C 0>. prismatic. H 3*5 4*0 G 2*93 — 3*01. Cases 41 and 42. 

Frae, conchoidal. Transparent, translucent. Lua. vitreous. Col colourless, white, 
gray, yellow, green, blue. Sir. grayish-white. B, infusible. Soluble with effer- 
vescence in nitric and hydrochloric acids. 

Found in g}'psum, basaltic rocks, beds of brown iron ore, serpentine, lava, and depositeil 
by hot springs. Aragon, Valencia, Boiieuiia, Baden, Hessiit, Auvergne, the Tyrol, Hungaiy, 
Siberia, Greenland, Thuringia, tho Hortz, Styria, Piedmont, Vesuvius, Iceland, Carlsbad, 
Cumberland, Carinthia, Devonshire, Buckinghamshire, Leadhills, Galloway. This mineral 
is named from Aragon, a province of Spain. The corralloid varieties which occur in beds of 
iron oro are called Floa ferri ; and the massive, silky, fibrous variety derives the name of 
Satin «par from its appearance. Aragonite is distinguished from calcite by the form of its 
cleavage, and by flying into powder on being exposed to heat. When carbonate of lime 
crystallizes from its solution in boiling water containing carbonic acid, it forma crystals of 
Aragonite; if, however, it ciystollizes from the same solution at the ordinary temperature of 
tlio atmosphere, it takes the form of calcite, 

Calcite . — Carbonate of Lime^ Rhomhohedral Lime Ealoide,^CA 0 G 0-. shorn, 
bohedml. H 3*0 G 2*69 — 2*75. Gases 42 — 46. Frae. conchoid^. Transparent, 
translucent. Lua, vitreous. Col colourless, white, blue, green, yellow, red, brown, 
black. 6<r.*whito. Brittle. B. infusible. Soluble with effervescence in hydrochloric 
and nitric acids. 

Found in llmpstone and almost every kind of rock, also in caviUes of amygdaloidal 
rocks. Iceland, the Hartz, Derbyshire, Cumberland, Prague, Carinthia, Bohemia, Saxony, 
France, United States, Thuringia. The beautiful transparent varieties from Iceland are 
called Iceland spar, and are remarkable for the beautilbl manner in which they exhibit the 
properties of double refraction. 

Schiffar Spath or Slate Spar^ a lamellar variety of carbonate of lime, ia found in Saxony, 
Bohemia, Norway, Cornwall, Scotland, Wicklow. i 

Granular Ztmestontf'and Statuary Marble consists of minute crystals of carbonate of lime. 
This substance Is valued acoerding as it is free from flaws, colour, and is capable of receiving 
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a good polish. Naxos, Paros, Tenedos, Carrara. Marbles variously coloured by foreign sub- 
stances form the greater port of the transition rocks. 

Oolite or Boeetone consists of an aggregation of miimte globular masses of carbonate of 
lime. The Portland and Hath stones are varieties of oolite. 

Stalaciites are pendulous masses of carbonate of lime, hanging from the roofs of caverns, 
and formed by the water trickling through the roof charged with carbonate of lime. 

Tttfa or Calcareous Tuff vs a porous variety of limestone, deposited by calcareous springs. 
It possesses the valuable property of hardening on exposure to the air. 

Chalk is n massive opaque carbonate of lime, consisting almost entirely of minute fossil 
infusoria. , 

Aiikexite.~P<irafomoue Lime Kahide^ Bhoe Wand^ JTandstein. — ihomlioliedzal. 
H 3*5 — 4'0 G 3-040 — 3*085. Frae, uneven. Translucent. Lus, vitreous. Col, 
yellowish, white, gray, bi-own. Sir, white. Brittle. Soluble with effervescence in 
nitric acid. 

Found in beds of mica slate. Styria. Highly prized as an iron ore and as a flux for 
smelting. 

Dolomite — Bitter Spar^ Pearl Spar, Tharandite, Brown Spar, Mimite, BhomhSpar, 
Magnesian Carbonate of Lime, Magnesian Limestone, Mawotypons Lime Jlaloide, — Ga 0 4* 
C 03, Mg 0 + G 03. tkombohedxal. H 3*5 - 4-5 G 2-80 -- 2-95. Case 47. 
Frae, conchoidol. Semi-transparent, translucent. Lns, vitreous. Col, colourless, 
white, green, yellow, red, blue, brown, gray, black. Str, grayish-white. Brittle. 
B. infusible. Soluble in hydrochloric acid. 

Forms rocks by itself, and occurs in beds in other rocks. The Apennines, Uie Tyrol, 
Switzerland, Piedmont, Tuscany, Saxony, Bohemia, llnngaiy, the Hartz, Norway, Sweden, 
Scotland, England. Better adapted for mortar than common limestone, os it absorbs less 
carbonic acid. The white marble of Paros and Iona belong to tbis species. It admits of 
being cut and polished, and is said to be durable. ^ 

Magnesite. — Carbonate of Magnesia, — Mg 0 -f- G O^. xhombohedval. — H 4-5 
— 5*0 G 2*88 •— 3*02. Gase 48. Frae. conchoidal. Transparent, translucent on tho 
edges. Lus, vitreous. Col, colourless, yellow, brown, black. Str, white. B. infusible* 
Soluble in dilute sulphuric acid, and in nitric acid. Adheres to the tongue. 

Found in serpentine. Sweden, Silesia, Moravia, Styi-ia, the Tyrol, East Indies, Spain, 
America. 

Hydromagneeite.— Magnesia, Mydroearbonate of Magnesia, Laneasteriie.—- 
3 (Mg 0 + C 03) 4- (Mg 0 4 II 0). obUqne. H 3*5 G 214 — 2-35. Case 47. 

Faintly tranducent. Lus, pearly. Col. white, green. Str. white. B. infusible. 
Soluble in hydrochloric acid. 

Found in earthy masses in serpentine. New Jersey, New York," Shetland Islands. 
Resembles talc, but distinguished from it by its hardness and S 2 >ecific gravity. 

Oaylwaite. — BTemiprismatie JSTouphone Haloide,'—{JSa 0 4* 0 0*) - 4 - (Ca 0 4“ C Off) 
-f-5H0. obllgue. H 2*5 G 1-928 — 1*950. Cose 48. FVac. conchoidal. Trans- 
parent, translucent. Lus, vitreous. Col, colourless, white, grayi yellow. Sir, white. 
Brittle. B. fusible. Soluble in nitric or hydrochloric acid. 

Found in crystals in a bed of^ clay at Lagnnilla in Columbia; it is called clavos or nails 
by the natives, fh>m the appearance of its crystals. 

Chalybite. — Spathoselron, Sparry Iron, Carbonate of Oxide of Iron, Spharoddmte, 
0 4 - 0 03. xhombohedml* H 3-5 - 4*5 G 3*70 — 3-92. Case 48. 
Frae. imperfect conchoidal. Transparent, translucent. Opaque. Lus. vitreous. Col. 
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yellow, brown, gray, white, red. 8tr. yellowish- white. Brittle. Soluble in warm 
nitric acid. 

Found in gneiss, slate and limestone, in metallic veins, and in cavities in trap rocks. 
The Hortz, Nanaait, Styria, Carinthiu, Westphalia, the Pyrenees, Bohemia, Soimuy, Devon- 
shire. Clay IronatonBf which is a mixture of cUalyhito and clay, is found in Staffordshire, 
South Wales, Bohemia, Moravia, Silesia, Poland, United Stales. Avery voluable iron ore. 
Tlic Styrian steel is obtained from the iron made from it. 

MBXLog\t^*^Carbonate of Manganm^ Hed Manganese^ RMoeroaite, — ^Mn 0 + C O’, 
zhombohedval. II .‘Pd — 4‘.d G 3* 1.3 — 3*C3. Case 48. Frae. uneven. * Slightly 
translucent. Lua, vitreous. CoL rose red, flesh red. 8h\ white. Brittle. B. infusible. 
Soluble in hydrochloric acid. 

Found in gneiss, porphyry, and hematite. Saxony, Hungary, ‘rransylvania, the TTartz, 
Switzerland, Ireland. Dislinguished from manganese spar by its hardness. Some varieties 
hi iconic brown by exposure to air. 

Calamine . — Carbonate of Zinc^ Zinc Spar ^ HlH>mhohedral Zinc Bai'yta^ Smithsouitc,^ 
Zn 0 C 0^. Thombohedval. II 5*0 G 4*34 — 4*45. • Case 49. Frac. uneven. 
Semi-transparent, translucent. Lta. vitreous. CoL colourless, white, gray, green, 
brown. Sir, white. Brittle. B. infusible. Soluble in hydrochloric acid. 

Found in the slate, transition, coal and oolite formations. Westphalia, Silesia, Carintliia, 
the Banat, Poland, Hungary, Servia, the Altai, Siberia, France, Belgium, United Staites, 
Scotliunl, SomersotHhiro, Derbyshire, (^umbeiiaud. Zinc is extracted from this ore. 

Bmatlte.— Orichalcite,-~^{Z Zn 0 + C 0“*) -f- (2 Cu 0 C O’) + 
.3 110. H 2*0. Case 49. Translucent. pearly. Co/, green. Soluble in hydro- 
chloric acid. 


Foiii^ in the Ural and in France. 

8albUa.-*(br5ofiat« of 8ilver, Gray Silver.^Amorp^GOA, Frac. uneven, earthy. 
Lm. dull. OoL gray. Soft. Scctile. B. fusible. Soluble in nitric acid. 

I'ound in the Black Forest and Mexico. 


I 


Ceniflalte . — Carbonate of Leady Lead Spar, Diprismatic Lead Baryta, — Pb 0 + C O’, 
prismatic. H 3*5 G 6*4 — 6*6. Case 49. Frae, ccnchoidal. Transparent, trans- 
lucent. Lm. adamantine. Col colourless, white, gray, green, blue. Sir, white. 
Brittle. B. fusible. Decomposed by hydrochloric acid. 

Found in eiystuls, mjissea, and psendomorphous, after other substances. Bohemia, 
(^arinthia, Hungary, Saxony, the llartz, Silesia, Westphalia, France, the Altai, Siberia, 
Dcvoiisliiro, Cornwall, (Miniberhind, nerbyshire, Scotland. V^uahle as on ore of lead; dis- 
tinguishud from sulphate of hiad by its crystals being usually macled. 

Agnesitet — Bismutite, Carhomie of Bismuth, — 4 Bi 0® + ^ CO^ + 4 H 0. 
Amorphons. II 4*0 — 4*5 G 6*909 — 7*670. Case 49. Frae, conchoidal. Opaque. 
Translucent on the edges. Lus, vitreous, dull. Col, green, yellow, 8^\ gray or white. 
B. fusible. Soluble in hydrochloric acid. 

Found investing other minerals, and in psendomorphous crystals. Sclmeeberg, 
Cornwall. 


Lanthanlte. — Carbonate of Cerium.--^ La 0 -f C 0^ 3 HO. pyramidal^ 

II 2*5 — 3*0. Case 49. Lus, pearly. CvL white, gray, yellow. 8lr, white. Sxduble 
in acids. 

Found with cererite at Blddorbytta, in Sweden. An- extremely rasre mineral. 
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Vailfite. — « Carhomte of Cwitm Lanthanxim and IHdymium, — 
rhombohedjal. H 4*5 G 4*35. Case 49. Frac, small conchoidol. Lus. vitreous. 
CoL brown, yellow. Str^ ycllowiab-wbite. B. infusible. Soluble with difficulty in 
hydrochloric acid. 

Found in the emerald mines of Muxo, in New Granada. 

Bveunnesite. — liraehytypom Lime TLahidt^ Carlionate of Magnexxa and Iron. Mg 0 
-fC 0^. vhomboliedral. II 4*0 — 4*5 G 3*0 — 3*2. Case 49. Frae. concboidal. 
Transparent, translucent. Lus. vitreous. CoL colourless, white, yellow, brown. Sfr. 
grayish-white. Brittle. B. infusible. Soluble in acids. 

Found in chlorite, talc, sometimes in serpentine, rarely in gypsnm. The Tyrol, Si. 
Qotthardt, Norway, United States, Siivthmd. nistinguished from dolomite by its crystal- 
lization, hardness, and specitic gravity. 

Mealtlne. — Meaitine Spat\ PistomeMte. — xhombohediali 113*5 — 4*0 G 3*35 
— 3*-12. Case 49. Transparent, translucent. Lm, vitreous. Col. gray, yellow, 
green. Mr. white. Brittle. B. infusible. Soluble in hydrochloric acid. 

l^’ouBd with <]^uartz and hematite, riedmont and Salt/.burg. 

Chesaylite. — Flue* Carbonate of Coppery Azurite-y Lasur Malaehitey Ilemiprismatie 
Azure Malachite. — (2 Cu 0 + C 0-) 4" (Cu 0 + 11 0). oblique. TI 3*5 — 4*0 
G 3'7CG — 3 831. Case 50. Frac. conchoidal. Transparent, transluco it on tho edges. 
Lns. vitreous. Col, azurc-bluo, passing into blackish-bliic. &tr. l)lu<^ Briitlc. 
B. fusible. Soluble in nitric acid. 

, Found in veins with grtcu ojirbonate and red oxide of Oliessy, ihe .Vlljii,1he 

Bauat, Servia, Poland, the Tyrol, Bohemia, Spain, Coniwsill, Cumberland, Scotbind, 
Siberia, Thuringia, Hessia, Silesia, (3hili. A valuable ore of copper when found in HUlhcient 
^ quantity. ^ 

nSalachite. — Green Cnrhonate of Copper, — (Cii () + C 0®) 4- (Cu 0 -f- 11 0). 
oblique. II 3 o — 4*0 G 3*71 — 4*01. Caso 51. Frae. conchoidal. Transparent, 
or translucent on tlic edges. Las. adatnantinc. Col. green. Sir. green. Brittle. 
B. partly infusible. Soluble in nitric acid. 

Found in copper mini's. Clicssy, Spain, Pi’nssin, Thuringia, the 3’yrnl, the Banat. 
Poland, Siberia, C'ornwall, Woles,* Ireland, .Vustridiii. Muluchite bus been divided into I lie 
fibrous and massive. T'he ciysUillizod variety is extn-mely rare, and only found in niinute trans- 
parent twins coating the cavities of llio tibrons liiiidK. It is a valuable ore of cop])t>r, but is 
most prized by the lapiduiy on account of tlic beauty of its colour, and the high ]>oli.sh of 
whiob it is susceptible. Tho valuable vases and tables of malucbitt! manufiictiired ut Si. 
Potersburgh are mostly formed of thin plates of tlii.s siibstance sliilfnlly vcnetTtd, 

Nitze. — titrate of Potash^ Saltpetre. K 0 4* N 0*. pzismatie. II 2*0 
G 1*933. Case 52. Frac. conchoidal. Transparent, translucent. Lus, vitreous. 
Col. colourless, white, gray, yellow. Str. white. Soluble in water. 

Found as an effiorcsccncc on tbc surface of the earth. Hungary, Pc^liu, Spain, Italy, 
France, Arabia, Fast Tndb'S. Calabria, Virginia, the Brazils. It is also procured urtificitilly 
from the decomposition of animal and vegetable uiatter. Used in tlic njaiiufacturc of gun- 
powder and of nitric acid. * 

KltzatiM.— ATtfrafe (Na 0 4 - N* 0^}. rhombohedral. II 1*5 — 2*0 

G 2*096. Case 52. Frac, conchoidaL Transparent, translucent. Lns vitreous, 
Col. &louiless, white, gray, brown. Str. white. B. fusible. Soluble in water. 

Found in crystals in bed-s several fret thick, witli clay and sand, in the district of Tars- 
paca in Peru. 



540 


SULPHATES. 


Uizaliilite .— of Soda^ Olauber 5a/L— Na 0 S 0* 4* ^ oblique. 
H 1*6 — 2*0 G 1*481. Case 62. Frae, conchoidal. Transparent. Lw, yitreous. 
ChL colourless, white. 8tr. white. Sectile. B. fusible. Soluble in water. 

Found in salt springs as an efflorescence on the soil, and dissolved in mineral waters. 
Austria, Saltzburg, Bohemia, the Tyrol, Hungary, Spain, the Hartz, Switzerland, Siberia, 
Egypt. Employed in some countries os a substitute for soda in the manufacture of glass. 

Aatrakbanlte.— (Na 0 + S 0^*) + (Mg 0 + S 0*) + 4 H 0. Transparent. 
Col. colourless. Efflorescent. Soluble in water. 

Found in prismatic crystals in the salt lakes of Astrakhan. 

Olauberite.— Sulphate of Soda and Lime^ Semiprimatie Fryihint Spar^ 
Brongniariin, — (Na 0 + S 0-) + (Ca 0 + S 0®). oblique. H 2*6 — 3*0 O 2*75 
— 2*86. Case 62. Frae. conchoidal. Semi-transparent, translucent. Ze». vitreous. 
Col colourless, white, gray, red. Str. white. Brittle. B. fusible. Partially soluble 
in water. 

Found in rock salt. Spain, Bavaria, Atacama, Chili. 

Thehajrdite.— (Na 0 + S 0^). piiematic. 11 2*6 G 2*67 — 2*73. Case 62. 
Frac. conchoidal. Transparent, translucent. Lae. vitreous! " Col colourless, white. 
B. fusible. Soluble in water. 

Found in crystals in the brine springs at Salinas d'Espartinas, near Madrid. 

Olaaevite.— of Votaeh^ Arcanite. — 0 -f- S 0\ pxiamatie. H 2*6 — 
3‘0 G 2*689 — 2*709. Frac. conchoidal. Transparent. Luo. vitreous. Col colour- 
less, white, yellow, gray. Str. white. Brittle. B. fusible. Soluble in water. * 

Found on the lava of Vesuvius and in some springs. 

Ka^pagnine.— ofAmmonia.^^ 0 + S 0\ prismatic. H 2*0 
2*6 G 1*68 — 1*78. Frac. imperfect conchoidal. Transparent, translucent. Lua. 
vitreous. Col colourless, white, gray, yellow. Str. white. Sectile. B. volatilizes. 
Soluble in water. 

Found associated with sulphur, with volcanic productions, and in cool mines. Vesuvius, 
Etna, Solfatara, Lipari, Aveyron, Staffordshire. 

Baryte. — Stdphate of Barytes^ Heavy Spar^ Hepatihj Friematxe Hed-Baryta. — Ba 0 
-4- S 0^ priamatic. — 3*0 — 3*6 G 4*36 — 4*69. Cases 62 and 63. Frac. con- 
choidal. Transparent or translucent. Lue. vitreous. Col colourless, white, gray, 
blue, yellow, red. Str. white. Brittle. B. fusible with difficulty. Insoluble in hy- 
drochloric acid. 

Found in beds and veins in various formations. Westphalia, the Hartz, Saxony, Bohe- 
mia, Hungary, the Tyrol, Transylvania, France, Baden, Hessia, Cumberland, Surrey, Stafford- 
shire, Derbyshire. Hepaiite or fetid baroaelenite is a variety of baryte^ containing bitumen. 
Norway, The Cawk of Staffordshire and Derbyshire is an opaque, massive variety of baryte. 
The white varieties are ground and used as paint. All the salts of barytes but one are 
violent poisons. The nitrate of barytes is used for producing a green flame. 

Celestine.— iSii/pAa^e of Stroniia^ PrUmatie HaUBaryta. — Sr 0 S 0^ pita- 
matlCf II 3*0 — 3*6 G 3*86 — 4*0. Case 63. Frac. imperfect conchoidal. Trans- 
parent, translucent. Opaque. Lae. vitreous. Col. colourless, white, gray, blue, flesh- 
led. Brittle. B. fusible. Insoluble in hydrochloric acid. ^ 

Found in sulphur mines, limestones, metallic veins, and in fossils. Sicily, France, Hun- 
gary, Lake Erie, Jena, Bristol, Switzerlimd, Spain, Edinburgh. Distinguished from baryte 
by its specific gravity. 
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Gypsum.— of Lime^ Ca 0 + S 0® + 2 H 0. oblique. 

II 1 ‘5 — 2*0 G 2*28 — 2*33. Case 54. Frae, flat» conchoidal. Transparent, trans- 
lucent. Lu8, vitreous. Col. colourless, red, yellow, blue, ^ay. Sir. wliito. Scctilc. 
B. fusible. Very slightly soluble in water and acids. 

Found in new red sandstone, in older rocks, clay, in sulphur, and in fossils. Brunswick 
Hessia, Thuringia, the Tyrol, Switzerland, Paris, Oxford, Sicily, Spain, Siberia, Yorkshire, 
Cheshire, Derbyshire, Nottinghamshire, Scotland, the United States. The large blocks are 
wrought into alabaster figures and ornaments. Calcined ond powdered it fonns planter of 
Paris. Distinguished by its softness from limestone. 

Kaxstenlte. — Anhjdnte^ Anhydrous Sulphate of Lime, Cube Spar, Muriaaiie.^Co, 0 

S 0^ pxismatlc. H 3*0 — 3*5 G 2*85 •— 3*05. Case 54. Frac. imperfect 
conchoidal. Transparent, translucent. Lw. vitreous. Col. colourless, white, gray, 
yellow, red, blue. Str, grayish-white. Brittle. B. fusible with difficulty. Slightly 
soluble in water and hydrochloric acid. 

Found in beds and veins, and in clay. Styria, the Tyrol, Switzerland, Savoy, Italy, New 
York, the Hartz, Sweden. 

XjsBomitern^Sulphate of Magnesia^ Epsom Salt, Prumatie Hitter Mg 0 4- 

S 0^ + 7 H 0. pvUimatic. 11 2*0 — 2*5 G 1*7 — 1*8. Case 55. Frac. conehoi- 
dal. Transparent, translucent. Lus. vitreous. Col. colourless, white, red. Str. white. 
Taste bitter and saline. B. fusible. Soluble in M'ater. 

Found ns an efflorescence and in mineral springs. Hungary, Bohemia, the Tyrol, Spiun, 
South Africa, Milo, Sedlitz, Kpsom, Chili. Is used for pharmaceutical piiriioses, but^ is 
generally obtained by manufacturing chemists from niagncBian limestone, and other sources. 

Halotiicbit6f — Alunogen^ Feather Alum, Hair Salt. — (A1 0® + S 0®) + II 0* 
II 2. Case 55. Frac. uneven. Translucent on the edges. Zus. dull. Col. white, 
gray, yellow. B. fusible. Soluble in water. 

Found in alum shale, cool mines, and volcanic craters. Thuringia, Dresden, Bonn, 
Columbia, Bogota, Quito, Chili, Milo, Neapolitan Solfatara. 

Polyhalite.-(K 0 + S 0») + (Mg 0 + S 0®) + 2 (Ca 0 + S 0®) + 2 II 0. 
piismatic. H 3*5 G 2*73 — 2*78. Case 55. Frac. uneven. Transluecnt. Lus. 
waxy. Col. red. Str. white. Brittle. B. fusible. I’artially soluble in water. 

Found in Styria, Austria, and Bavaria. Derives its name from woAvs man^, and aAs 
aaltf on account of the variety of its saline constituents. 

OoBlBXitB.-SidphateofZine, White rtfnof.— Zn 0 + S 0® + 7 11 0. prismaUc. 
n 2*0 — 2*5 G 1*9 — 2*1. Case 55, Frac. conchoidal. Transparent, translucent. 
Zus. vitreous, Col. colourless, white, red, blue. Str. white. Brittle. B. infusible. 
Soluble in water. 

Found in old mines. Sweden, the Hartz, Hungary, France, Spain, Holywell, Cornwall. 
Is not found in great abundance in nature, but is prepared artificially. * Used in medicine 
and in dyeing. A permanent white colour. Zinc white is prepared from it. 

Blebexita.— SWjpAafo of Cobalt^ Cohall Vitriol. 7 - Co 0 S 0® + ^ oblique. 
Case 55. Frae. uneven. Traifsluoent, opaque. Lus. vitreous. Col. red. Str. r eddish- 
wbitc. Soluble in water. 

Found in old mines. Bieber, Siegen, and Saltzburg. 

BlelaatoxltOi — Sulphate oflron^ Green FifrwL— Fe 0 + S 0* 7 H 0. oblique. 
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I[ 2*0 G 1*8 -** 1*9. Case 65, Frae, conchoidol. Transparent, translucent Lus, 
vitreous. CoL green, white. iSf/r. white. Bather brittle. Soluble in water. 

Found in old mines, navaria^ Sweden, the Hartz, Saxony, Hungary. Used in dyeing 
.and in the manfacture of sulphuric acid, ink, and Prussian blue. 

Botxyogen.^i2e£f Hulphatt of /ron, Red FtYribL^ oblique. H 2*0 !2'5 
G 2*039. Case 55. conchoidal. Translucent. Zus. vitreous. CbL red, yellow. 
«S7r. yellow. Scctilc. B. infusible. Soluble partially in boiling water. 

Found at Fahlun in Sweden. Derives its name from fiorpvs a hunch of grapes, because 
it rrerpieiitly occurs in tlie f.iiiu of globules with a ciystalline surface. 

Copiapite — A hydrous sulphate of iron. Six-sided prisms. Translucent, Lus, 
pearly. ^W. yellow. 

J«'ound ntCoi^uimbo in Chili. 

Coquimbite.— 2 Fc 0^ 3 S 0^ + ^ 0. rhombohedrai. H 2*0 — 2*5 

G 2*0 — 2*1. Frac, conchoidal, uneven. Translucent. Col, white, blue, green. Soluble 
in w.atcr. 

l''()Uiid ill green felspar. Coquimbo. 

Blue Vitriol. — Sidphate of Cojpper, Cymmt, — Cu 0 + S O’* + 5 H 0,' anorthic. 

11 2*5 G 2*19 — 2*30. Case 55. Frae, conchoidal. Semi-transparent, translucent. 
Lm, vitreous. Col, blue. Sir, white. Bather brittle. B. fusible. Soluble in water. 

Komul ill mines, :md in the water of mines. Sweden, Hungary, Cornwall, Anglesca, 
Wicklow, Seville, Cyprus, Siberia. After being purified, used in the manufactures, for 
dyeing and electrotyping. 

Brochantite. — Prismnik Pt/siomCf Malachite, JTnwriyiff.— (Cu 0 + S 0®) + 
3 (Cu 0 -J- II 0). pziomatic. II 3*5 — 4*0 G 3*87 — 3*9. Case 55, Frae, con- 
(•hoiiliil. Transparent, translucent. Lus, vitreous. Col, green. Sir, green. B. infusible. 
Soluble in acids. 

I’ouml ill Siberia, Triiiigar}^ Iceland, France. 

Lettaomite* — Veleet Coppef' Ore, Kiijyfersammterz, — 2 S 0® + ^ Cu 0 -J- A1 0® -J- 

12 II O. Case 55. Capillary crystals. Translucent. Las, pearly. Col, smalt blue. 

t*\)uud with iiialacliito at kloldawa, in the Baiiat, coating the cavities of on oxide of iron. 
It is extremely rare. 

Unavite. — Ctiprcaus Sulphate of Lead, Liphgenie Lead Baryta, — (Pb 0 S 0*) 

(Cu 0 + 31 0). oblique. It 2*5 — 3*0 G 5*3 — 6*43. Case 55, Frac, con- 
choidal. Feebly translucent. Lns, adamantine. CoL deep blue. Sir, pale blue. 
Slightly brittle. 

A rare mineral. Found nt Leadhills, in Scotland, S^iain, and Cumberland. 

SolkBXi'DiX^^Subsulphate of Uranium, Hmiprismatio Eucklore oblique. 

II 2*0 — 2*5 G 3*191. Case 55. Frac, imperfect conchoidal. Semi-transparent. 
Lm, vitreous. Col, green. Sir, green. Sectile. Taste slightly bitter. Sol^le in 
hydrochloric acid. 

A very rare mineral. ' Found at Joachimsthal, in Bohemia. 

V 

Angleaite .— of Lead, Prismatic Lead Baryta, Load Vitriol,— Ph 0 -}- S 0®. 
piUmatic. H 3*0 G 6*26 — 6*3. Case 55. Frac. conohoidal. Transparent, trans- 
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lucent. ZiM. adamantine. Col colcmrlese, yellow, gray, brown, blue, green. Sir, 
white. Brittle. B. fuiiblc. Slightly soluble in nitric acid. 

Prodneed by the decomposition of galena. Baden, Siegen, Silesia, the Hartz, Speln, 
Siberia, Massachusetts, Missouri, Anglesea, Cornwall, Scotland. It sometimes contains 
silver. 

Lanajrkite .— of Lead^ Pmmatoidal Lead Baryia,^ (Fb 0 + 
S 03) + (Pb 0 + C 02). Thin plates. H 2*0 — 2*5 G 6*8 — 7*0. Case 65. 
Transparent. ZfMf. adamantine. Col greenish or yellowish-white. Sir, white. 
Scctilc. B. fusible. Partially soluble in nitric acid. 

Pound at Lcadhills in Scotland, and in Siberia. 

Susaunite.— (Pb 0 -f. S O^) + 3 (Pb 0 + C O^). rhombohedral. H 2*5 
G G*55. Case 56. Transparent, translucent. Lm, resinous, adamantine. Col 
white, green, yellow, black. Sir. white. B. fusible. Partially solublo in nitric 
acid. 

Pound at Lcadhills m Scotland, and Muldawn, in the Banat. 

Caledonite. — Cupreom i<ul2iJiato-<*arh(maie of I,ead^ Taraionmift head liaryta,-^ 
pzismatic. II 2*5 — 3*0 G G*4. Case 35. Frae, uneven. Transparent, translucent. 
Lus, resinous. Col blue.* Sir, blue, llathcr brittle. B. fusible. Partially soluble 
in nitric acid. 

A beautiful mineral.’ Pound at T.cadbills in Scolland. 

J*eBdOaXl\item'^Sulphato»Tri-enrhoi)ate of t.rad^ ji.rofomous Iscad Pmyta , — (Pb 0 
S 03) 4- 3 (Pb 0 + C ()•). piiamatic. TI 2*5 ii C-26 — 6*43. Case 55. FVac. 
conchoidal. Transparent, franslii(!(‘nt. hue, resinous. Col white, yellow, gray, green, 
brown. Sir, white. Rather brittle. B. fusible. Partially soluble in nitric acid. 

• Pound at Lcadhills in Scotland. 

Alum.— (K 0 + S 0*) + (A1 0^ + .3 S 0^) + 21 IF O. cubic. IF 2*0 - 2*5 
G 1*0 — 2*0. Case 55. Frar. conchoidal. Transparent, translucent. Lus, ■\'itrcou8. 
Col white. Sir, white. Soluble in water. 

!'’ouiid as an piH(»n'se<Mice on aluminous ihipI^s .ind Invfi. Tiipnri Islands, Sicily, St. 
Micdiael, Tbiiringia, Nonvay, Yorkshire. Psed ns a incdieiiio, in dyeing, iind in the manii- 
fnctiire of leather, pjij»er, A c. 

Soda Alum,-(Xa 0 + S O'*) + (A1 O’- + 3 R O') + 24 11 0. cubic. IL 2*0 
— 2*5 G 1*88. Case 55. i'Vaf?. conchoidal. Transparent. Zw«, vitreous. 6W. while. 
nir, white. Soluble in water. 

Pound in the Neapolitan Rolfatara, Island of Milo, and Mendoza. 

Ammonia Alum.— (N IP -J- H 0 4 S 0^) + (A1 O* 4 3 S 0^) 4 24 IF O. 
cubic. II 2*0 — 2*5 G 1'753. Case 56. Frac, conchoidal. Translucent. Zus, vitre- 
ous. Cvl colourless, gi-ayisli-whitc. 

pDUud in clay and in a bed of brown coal. Thuringia, Bohemia. 

Alunito. — Alum Stoue, Rliombohcdral Alum Jtahide , — (K 0 4^^*) + 
3 (A1 03 4 S 03) 4 6 n 0. zhombohedzal. It 3*5 - 4*0 G 2-69 - 2*8. Trans- 
parent, semi-transparent. Lus. vitreou.s. Col. colourless, white, yellow, red, gray. 
Sir. v^hite. Brittle. B. infusible. Insoluble in hydrochloric acid. 

Found at Tolfa, Tuscany, Hungary, France. The Hungarian varieties are so hard as to 
be used for mill-stones. 
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Webstesite.— of Alumina^ Aluminite. — ^A1 0^ + ^ 0. H 1*0 

G 1*6 — 1*7. Case 55. Frae. earthy. Opaque. Lus. dull. Col. white. Sir. white. 
Sectile. B. infusible. Soluble in hydrochloric acid. 

Found in'botryoidal concretions imbedded in clay, at Halle, Paris, Newhaven. 

Ganusdoxflte. — Pissophane. — A hydrated sulphate of alumina and iron. Amor- 
phous. II 1*5 — 2 0 G 1-922 — 1*981. Frac. conchoidal. Transparent, translucent. 
Lua, vitreous. Col. green, brown. Str. grayish- white, pale-yellow. Brittle. Soluble 
in hydrochloric acid. 

Found in the alum shale works. Gnmsdorf in Thuringia, and Iteichenbao.h in Saxony. 

Toltaite.— Cubic. Frac. uneven. Lua. resinous. Col. black, inclining to 
brown and green. Sir. grayish-green. Partially soluble in water. 

Found in the Neapolitan Solfatara. 

Bauync. — 'Dodecahedral Ampidgene Spar^ Noaeanj Lapia Lazuli. — cubic. IT 5*5 
— 6*0 G 2*25 — 2-5. Case 55. Frac. conchoidal. Transparent, opaque. Lua. vitreous. 
Col. black, brown, gray, blue. Str. light blue. B. fusible. Decomposed by hydro- 
chloric acid, leaving a jelly of silica. 

The brown and gray variety, noRcaiit is found in volcanic rock A Lanch, in Prussia. The 
light blue and green, hauyne, in volcanic rocks and lava. Laach, the Khinc, France, Homo, 
Vi'suviua. 'rhe deep blue, lapin lasuli, found mixed with calcite, mica, and pyrite. The 
llaikal Luke, Ghina, Thibet, Tarlary, South America. Valued as an ornamental stone ; 
formerly used as the only source of the beautiful pigment called ultra-marine, which is now 
manufactured ortilicially. 

jLsacnite. — Oxide of Arsenic^ Octahedral Arsenic Acid, Araemoua Acid. — As 0*\ 
cubic. 11 1*5 G 3*699. Case 56. Frae. conchoidal. Transparent, opaque. Lua. 
vitreous. Col. white. Str. white. B. volatilizes. Slightly soluble in water. 

Probably produced by the decomposition of ores containing arsenic. Bohemia, Tran- 
sylvania, Hanau, Alsace, the Hartz, the Pyrenees. Distinguished from phiurraacolite, to 
which it is similar, by being slightly soluble in w'ater. Artiflcially formed crystals of 
arsenic not only belong to the cubical system but also to the prismatic, being then isomor- 
phous with vuleutiuite. A very poisonous substance. 

Phaimacolite. — Arseniate of LimCy Hemipriamatic Fuelaae Haloide. — 2 Ca 0 -|- 
As 0^ + 6 11 0. oblique. H 2*0 — 2*5 G 2*64 — 2*73. Case 56. Transparent, 
translucent. Lua. vitreous. Col. white, yellow. Sir. white. Scctile, thin plates 
flexible. B. volatilizes. Soluble in nitric acid. 

Found in Bohemia, Baden, tho Hartz, Ilessia, Thuringia, Alsace. 

■g witwit ii Anhydrous Aracniate of Lime, Dcrzelite. — 3 II O -(- As 0®, where R is 

Ca, Mg, and Mn. H 5*0 — 6*0 G 2*52. Case 56. Frac. uneven. Lua. waxy. 
Col. white, yellow. Brittle. B. infusible. Soluble in nitric acid. 

Found in cleavable masses at Longbanshytta in Sweden. 

*Bcidi&gczitc. — Dipriasnatie Fuelaae Haloide.^2 Ca 0 -f- As 0* -J- 4 H 0. 
pzifinatic. 11 2*0 — 2 5 G 2*848. Transparent, semi-transparent. Lua. vitreous. 
Cd. white. Str. white. Sectile. B. fusible. Soluble in nitric acid. 

A very rare mineral, supposed to have been found at Joachimsthal in Bohemia, formerly 
considered a variety of pharmacolite. 

An arseniate of lime, magnesia, and cobalt, pximatlc. H 3*0. 
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Frae. couchoidal. Translucent. Liis, vitreous. Col. red. Sir. white. Soluble in 
hydrochloric acid. 

An extremely rare mineral, found at Schneeberg. 

Phanuacoslderite. — Aracmaie of Iron^ Jfexaltedral Lirocone Malachite. — 3 Fe^ 
0^ + 2 As 0» + 12 II 0. cubic. II 2*5 G 2‘9 — 3*0. Case 50, Frae. uneven. 
Semi-transparent, translucent on the edges. Lus. vitreous. Col. green, ycdlow, brown. 
Sir. light yellow. Pyroelectric. B. fusible. Soluble in hydrochloric acid. 

Found in veins of copper ores. Cornwall, France, Xasaaii, Siixony, United States. 

Symplesite. — An arseniate of iron, oblique. H 2*5 G 2*957. Frae. even. 
Transparent, translucent. Lus. vitreous. Col. blue, green. Sir. bluish-white. 
B. infusible. 

Found at Klein Friosa, near Lobenstein. 

Ibiroconite. — OHohcdral Amenintc of Copper^ Lenticular Arseniate of Copper y 
Clmlkophovit, — prismatic. II 2*0 — 2*5 G 2*83 — 2*99. Case 56. Frae. imper- 
fect conch(»idul. Transi)arcnt, translucent. Ltut. vitreous. Col. blue, green. Sir. the 
same. B. fusible. Soluble in acids. 

Found ill Cornwall, llhn.^'ary, and Vuigtland; very rare on the continent. 

Oliwenite. — Rhight Prismatic Arseniate of Copper^ Priwiafic Olive Malachite . — 
(3 Cu 0 •+ As O*') -J- (Cu 0 -f II O). prismatic. II 3*0 G 41 — 4*38. Case 5G. 
Frae. oonchoidal. Semi-transparent, opaiiuo. Lm. vitreou.s. Col. green, brown. 
Str. olive-green. B. fusible. Soluble in nitric acid. 

Found in Cornwall, CniiibiTland, the Tyrol, tlie Bnnat, Siberia, the .\slurias, Chili, 
Sucliroite. — Prismatir Fmerald Malachite^ — 4 Cu 0 + Ar O* 7 11 0. pris- 
matic. 11 3*5 — 4 0 G 3*35 — 3*45. Ca.so 56. Frae. uneven. Traiisparcuit, 
tranj»lu(:(‘iU. Lus. vitreou.s. Col. pnle green. Brittle. Soluble in nitric acid. 

A very raire mineral, round in iiiiea slate at Libetbeii in Hiingury; named from evxpota 
hcautij'ul cnlour. 

Scorodite. — Martial Arseniate of Copper^ Pi/stomic Fluor llaloide . — Fc- 0® + 
AsC-' + 4lIO. prismatic. 113*5 — 4*0 G 3 18 — 3*30. Ca.w 56. /Vac. un- 
even. Semi-transparent, translucent on the edges, hm. vitreous. Col. green, blue, 
brown. Sir. W'hite. Bather brittle. B. fusible. Soluble in hydrochloric acid, 
bound in Saxony, Bohemia, Curinthia, France, Cornwall, Brazils, Columbia, Siberia. 
Crinite, — Dyntomic Ilahroneme Malachite. — 5 Cu 0 As 0* + 2 II 0. II 4*5 — 

5*0 G 4*013. Frae. imperfect cunchoidal. Translucent on the edges. dull. 
Col. green. Sir. green. B. fusible. Soluble in nitric aeid. 

Found in the county of liimerick associated witli arseniate* of rni^pr-r, named crinite on 
account of its characteristic emerald-green colour and its locality. 

ComwalUte. — 5 Cu 0 As 0» 5 11 0. Amoiphous. II 4*5 G 4*166. 

Frae. couchoidal. Col. green. B. fusible. . * 

Found with ulivcnite in Cornwall. < 

Slinoclase. — Oblique Priwwtic Arseniate of Copper y StrahlerZy AphanesCy Ahichite. 

(3 Cu 0 + As 0®) + 3 (Cu 0 + II 0). oblique. II 2-5 - 3*0 G I 19 - 4*36. 
JVflc* uneven. Trarslucent, opaque. Lus. vitreous. Col. green, dark blue. Sir- 
verdigris-green. Bather brittle. B. fusible. Soluble in acids. 

Found with liroponite. Cornwall,*Erzgfbirge. The crystals arc c-strcmtily minute. 

INCaOAr.IC NATUPE.— No. XVlII 
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^TnmaoAit^r^Ehomhoidal Arseniate of Copper, 'BrUmatic Copper Mioa, ChdlhophylliU 
— vlioiiilioliedval. II 2*0 G 2*435 — 2*659. Frae, conchoidal. Transparent, 
translucent Lus, pearly or vitreous. CoL green. Sir. green. Sectile. B. fusible. 
Soluble in acids. 

Found in veins of copper ores in the mines of Cornwall. 

^SyioVLfjtrn^Kupfersehatm, Primatie Euehlore Mica , — (5 Cu 0 + As 0®) + (Ca 0 
+ G 0^) 10 H 0. piianiatlc. H 1*0 — 2*0 G 3*02 — 3*098. Case 56. Trans- 

lucent. Lim. pearly or vitreous. Coh green, blue. Str, the same. Very sectilc. 
In thin leaves flexible, B. fusible. Soluble in hot nitric acid. 

Found with ores of copper in fibrous groups of a delicate silky lustre. The Tyrol, 
lliingoiy, the Hanat, Thuringia. 

Konichalcite. — 2 (R 0 + As 0®) 3 H 0, where R is Cu and Ca. 11 4*0 — 4*5 

G 4*123. .Frae. splintery. Translucent on the edges. Lite, vitreous. Col, green. 
Str, green. Brittle. 

In renifomi masses supposed to have been found at HinojosaTn Andalusia. 

Sxyt]uine.~f2^i Cohalt, Cobalt Bloom, Arseniate of Cobalt, Prismatic Cobalt Mica , — 
3 Co 0 + As 0® + 8 II 0. oblique. H 1*5 — 2*0 G 2*9 — 3*1. Case 56. 
Transparent, translucent. Col. red, gray, green. Str, red. Sectile. In thin plates 
flexible. B. fusible. Soluble in hydrochloric acid. 

A beautiful minernl, found in beds and veins with ores of cobalt. Saxony, Rohemia, 
Thuringia, Hessia, Radon, Danphin6, the l*yrences, Norway. When found in snllioient 
quantity, it is used in the manufacture of smalt. Distinguished from red antimony and red 
Clipper ore by yielding a blue glass with borax before the blowpipe. 

Xuttigite Zn 0 As 0* -f" 8 II 0. obliquo. H 2*5 — 3*0 G 3*1. Tnins- 
lucent. Lus, silky. Col, red. 8tr, reddish-white. Soluble in acids. 

Found with smidtino in the Daniel mine, Schneeberg. 

AniutbeTgite.— of Nickel, Nickel BlooTn,S Ni 0 -J- As 0® -i- 8 H 0. 
oblique. II 2*5 — 3*0 G 3*078 — 3*131. Case 56. Col, green. Str, greenish- 
white. B. fusible. Soluble iu nitric acid. 

Found in the Hartss, Hessia, Thnringia, Saxony,' Bohemia, Dauphinc, Texas. 

▼iwianite. — Phosphate of Iron, Blue Iron, Dichromatic Euclase Naloiie, Anglante, 
MtHUeite, Prismatic Iron Mica, — 3 Fe 0 P 0* -|- 8 H 0. oblique. II 1*5 — 
2*0 G 2*6 — 2*7. Case 57. Transparent, translucent. Lus, pearly, vitreous. Col. 
green, blue. Str, white, becoming blue on exposure to air, powder of the mineral 
brown. Sectilc. Thin plates flexible. B. fusible. Soluble in hydrochloric acid. 

Found in mineral veins and lava, the earthy varieties in pcat-bogs. Transylvania, Corn- 
wall, Bavaria, New Jersey, Isle of France, Crimea, Shetland Islands, Isle of Man. Some- 
times used as a pigment. - 

IMxoiAta^'nrPhosphate of Iron, Oriimisen Stein, Orem Iron Barth, AUuaudite,’-^ 
priamatic. JI 4*0 G 3*50 — 3*55. Case 57. Transparent, opaque. Lus, vitreous. 
Col green. Str, light green. Brittle. B. fusible. Soluble in hydrochloric acid. 

Found at Siegen, Hlrschberg in Beuss, and Limoges in France. 

]Madoc]iito.--Fe 0^ + 2 P 0® 4 (Fe 0® + S 0»} -f 32 H 0. Amorphous, 

n 3*0 G 2*035 — 2*037. Case 57# Frae, conchoidal. Translucent, opaque. ^ Zus, 
vitreous. Col yellow, brown. Str. white. B. fusible on the edges. 

Found in alum shale works near Gnifentbal and Saolfeld m Thuringia. 
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ZwiEelit#.— Jibe/a Apatite^ Iron ApatiU,--I!L FI -f* (H 0 P 0>), where E is Fo 
and Mu. piUttaatic. H 5-0 G 3*97. Frae. impcrfoct conchoidal. Tranducont on 
the edges. Lit», resinous. CoL dove-brown. Sir. grayish-white. B. fusible. Soluble 
in hot hydrochloric acid. 

Found in crystalline masses at Zwiscl in Bavaria. 

Tiiplite . — Phosphate of Manganm^ Pitchy Iron (4 Fo 0 + P 0*) -f- (4 Mn 
0 P 0^). pilsn&atle. II 5*0 — 5*5 G 3*6 — 3*8. Case 57. Frae. imperfect, con- 
choidal. Translucent on the edges, opaque. Lns. resinous. Col. brownish-black. 
Sir. ycUowish-gray. Brittle. B. fusible. Soluble in hydi'oohlorio acid. 

Found in crj'stolline masses in granite. France, United States. 

Tviphyline.— Perott^sArme.— (Li 0 + P 0*) 6 (3 Fo 0 P.O*), 
obliq,ue. 11 5*0 G 3*6. Case 57. Frae. imperfect conchoidal. Translucent on the 
edges. Lns. resinous Col. greenish-gray, spotted with blue. Sir. grayish-white. 
B. fusible. Soluble in hydrochloric acid. 

Found ill granite accoinpanied by beryl. Bahenstoin in Jtavaria. 

DeWaHxine. — Dclimuxite. — 2 Fc- 0^ -J- P 0* + 24 II 0. Amorphous. II 2v) 
G 1*85. Case 57. Frae. conchoidal. Opaque, translucent on the edges. Lus. waxy. 
Col. black, brown, yellow. Sir. light brown. B. fusible. Soluble in hydrochloric 
acid. 

Found near Vise in Belgium. 

Heteroaite.— 5 11 0 P O' -j- 2 II 0, where B is Fo and Mn. oblique. 
II 4*5 — 5*5 G 3*524. Case 57. Frae. uneven. Translucent on the edges, opaque. 
Lus. resinous, dull. Col. gray, blue, violet. Str. rod. B. fusible. Soluble in hydio- 
cbloric acid. 

Found in granite, llureault, near Limoges in Franco. 

Huieaulite,— 5 11 0 -i- P O' + 8 11 0, where 11 is Mn or Fc. 
oblique, II 5*0 G 2*270. Frae. conchoidal. Transparent. L^is. vitreous. Col. 
yellow, red, brown. B. fusible. Soluble in hydrochloric acid. 

Found in granite, llureault, near Limoges in France. 

Ubethenite.— of Copper^ Prismaiie OliveniUy DiprismaVc Olive Mala^ 
chite.’-^ifi Cu 0 + P O') -i- (Cu 0 II 0) pziamatic. II 4*0 G 3*6 — 3*8. 
Case 57. Frae. conchoidal. Translucent on the edges. Lm, resinous. Col. olive- 
green. Sir. olive-green. Brittle. B. fusible. Soluble in nitric acid. 

Found in mica slate and with malachite. Hungary, the Ithine, Ccmwall, the Uni, 
Chili. 

Hliyptolite. — Krypiolith.-~k phosphate of oxide of cerium. G 4t6. Transparent. 
Col. pale yellow. Decomposed by warm hydrochloric acid. 

Found in parallel ocicular crystals, imbedded in massive apatite, from wliich it is sex 
rated by dissolving the ax)atitc in 'dilute nitric acid. Arendal in Norway. 

TlizomboUte,-3 Cu 0 + 2 F 0> -f 6 H 0. 11 3-0 — 4*0 0 3*381 ^ 3*401. 

Frae. ^conchoidal. Opaque, translucent on the edges. Lns. vitreous. Coh giecr. 
Sir. green. Brittle. B. fusible. 

Found massive with malachite in limestone. Hetzbinya in Hungary. '' 
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Lnnnlte .— Fhoaphate of Copper^ Hemiprimatie Lystomo Malachite^ Phos^ 
phochalcite^ pseudo malachite^ — (3 Cu 0 P 0») + 3 (Cu 0 -f" EE 0). oblique. 
H 4'5 — 5*0 G 4'0 — 4*4. Frac. conchoidal. Semi-transparent, translucent on the 
edges. Lus, vitreous. CoL green. 8tr. green. Brittle. B. fusible. Soluble in 
nitric acid. 

Found in gramvacke-slatc. Bavaria, the Rhine, Reuse, the Ural. 

fihllte.— 5CuO-fPOs + 3nO. 111*5 — 20 G 3'8. !.*«. pearly. Col 

green. Sir. pale green. 

Found in rcriifonn and hotryoidal masses. Thu Rhine, the Ural. The Kujfferdiatpore^ u 
fibrous iiiiiionil from Idbetheii, is supposed to be ehlite. 

Autunite . — Yellow Uranite^ Uran-miea^ Phosphate of Vranium^ Pyramidal Euehlore 
Medachite,--{Ca 0 -f P 0«) + (2 U3 O' +P 0«) -f 8 11 0. pyramidal. II 1*0 
— 2*0 G 3*0 — 3*2. Case 57. Transparent, translucent. Lus. pearly, vitreous. 
Col yellow, green. Str yellow. Sectilc. B. fusible. Soluble in nitric acid. 

A beautiful mineriil, found iu granite near Autun, and near Limoges iu France. Dis- 
tinguished from greni mica by being soluble in nitric acid, and by the brittleness and in- 
elasticity of its thin laminie. 

Torbeiite. — Copper JJranitc^ Chalcolite^ Pyramidal Euchlore Malachite^ Green JJra^ 
wiVe.— (Cu 0 + P Oa) + (2 O’ P 0^) + 8 II 0. pyramidal. II 2*0 — 2-5 
G 3*5 — 3-6. Case 57. Transparent, translucent. Ltfs, pearly and vitreous. Col 
green. Sir. green. Bather brittle. Soluble in nitric acid. 

Found in slate and granite. Saxony, Bohemia, Bavaria, Cornwall, United States, Bel- 
gium. 

Xenotime — Phosphate of Yttria^ Phosphyttrite.-^Z Y 0 -|- P O^'. pyramidal. 
II 4*5 — 5*0 G 4*39 — 4*557. C*dse 57. Frac. 8plintei*y. Translucent, translucent 
on the edges. Lus. resinous. Col hrown. Str. light brown. Brittle. B. infusible. 
Insoluble in acids. 

A very scarce mineral, found in granite. Norway and Sweden. 

Wa*vellite. — Lasionite, Pevonite, Phosphate of Alumina^ Prismatie WavelHne 
Ilahide, — 3 A1 O’ -J- 2 P 0* -j- 12 II 0. prismatic. II 3*5 — 4*0 G 2*3 — 2*4. 
Case 67. Frac. imperfect coneboidal. Transparent, translucent. Ltis. vitreous. Col. 
colourless, gray, green, yellow, brown. Sir. white. Brittle. B. infusible. Soluble 
in acids. 

Found in slnte and granite. Devonshire, Cornwall, Ireland, Scotland, Bohemia, Saxony, 
Greenland, the Brazils, Pennsylvania. 

Gibbsite — Ilydrargyllite, Felsobanyite. — A1 0® + P 0» -f- 8 H 0, mixed with 
A1 O’ + 3 II 0. Botryoidal masses. H 3*0 G 2*20 — 2*44. Case 19. Feebly 
translucent. Lrs. dull. Col greenish, grayish, yellowish-white. Brittle. B. in- 
fusible. Insoluble in hot hydrochloric acid, 
a In a mine of brown hematite. Bichmond, Massachusetts. 

Xlaprot]iine.^ZastiftV«, Vorauliie, Azurite, Elue Spar. — 2 (B 0 P 0^) -f" (A1 O’ 
+ 3 P 0») + 6 II 0, where B is Mg, Fe, and Ca. oblique. H 6*0 — 6*6 G 3*0 — 
3*121 Case 57. Frae. uneven. Transparent, opaque. £us. vitreous. Coi. blue. 
Str. white. Very brittle. B. infusible. Not soluble in acida 

Found in ciystols and massive. Saltzborg, Styria, Lower Austria, the Brazils. 
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Hezdesite. — Privnatie Fluor llaloidt. — ^An anhydrous phosphate of lime and alu- 
mina and hydrofluoric acid. pzl8iiuitie« II 5*0 G 2*985 — 2*99. Frac. con- 
choidal. Transparent. vitreous. Co/, yellow, white. Sir. white. Very brittle. 
11. fusible with difficulty. Soluble in hot hydrochloric acid. 

Found very rarely in the tin mines of Fihrenitiedersdorf in Saxony. Its crystals 
resemble those of tiiat variety of apatite which is called asparagus stone. 

Ambl 7 gonite,~Pmma//o Amhhjgmitt Spar , — A phosphate of alumina, pzis- 
matic. II 6*0 G 3*045 — 3*11. Case 57. Frae, uneven. Semi-transparent, trans- 
lucent. Lus, vitreous. Co/, white, gray, green. Sir, white. B. fusible. Soluble in 
sulphuric acid. 

Found with tourmaline and topax in granite. Saxony, Nonvay. 

Turquoise. — Calaite^ Vneleavahle Azure Spar , — A hydrophosphato of alumina, 
amorphoufi. II 6*0 G 2*6*2 — 3*0. Case 57. Frae. conchoidal. Translucent on 
the edges, opaque. Lus, waxy. Col. blue, green. Sir. greenish- white. Not very 
brittle. B. infusible. Soluble in hydrochloric acid. 

bound ill reniform and boiryoidal masses. Tersin, Thibet, Silesia, liUsaiin, Saxony. 
Sold in the largo towns of Persia in small massos, but in great quantities, (.'iit and polished, 
it is u.sed for omanuiital*Imri>ose8 ; wlien its eolour is good, it is greatly valued as a gem. 
I'he occidental iurquoine, from TiOwer Lunguodue, is a vciy diifereut substance, being bone 
coloured with phosplialc of iron. 

Fiacherite, — 2 Al 0^ + P 0=^ 8 11 0. II 5 0 G 2*46. Transparent. Lue. 

vitreous. Col. green. Soluble in sulphuric acid. 

Found in small six-sided prisms. The Ural. 

Kakokene. — A hydrophosphato of alumina and iron. G 2 336 — > 3*38. Case 57. 
Translucent, opaque. Lus. pearly. Col. yellow. Sir. yellow. B. fusible. Soluble 
in acids. 

Found in Bolieniia, liiivaria, and the T'nited States, derives its nnnio from ueucos had 
and (cj/os a (/a/'W, on account of tlio injurious eflcct of the pliuspliurus which it contains on 
the quality of the iron extracted from it as an ore. 

Childrenite. — A phosphate of alumina and iron. pzlBmatlc, II 4*5 — 5 0. 
Case 57. Frac, uneven. Transparent. Lus. vitreous. Col. white, yellow, brown. 
Sir. white. 

Found on slate and quartz. Criniits in Cornwall and Devonshire. 

Wagnezitei — llemiprivnatic Fluor Ualoide, — Mg F + 3 Mg 0 PO>. obliquei 
II 5*0 — 5*5 G 2*98 — 3*13. Case 57. Ftac. conchoidal. Transparent, translucent. 
Lus. vitreous. Col yellow, gray. Sir. white. Brittle. B. fusible with difficulty. 
Soluble in hot nitric acid. 

An extremely rare mineral, found in crystals with quartz in the crevices of a clay slate 
rock in the valley of Hollengrabcn in Saltzbnrg. • 

Monaiite. — Mengite^ EdwardsUcj Rremilt. — A phosphate of tho oxides of cerium 
and lanthanium. oblique. JI 5*5 G 4*8 — 5'd. Case 57. Frae. uneven. Semi- 
transparent, transliiceut on the edges. Lus. resinous. Col brown, red. Sir. reddish- 
yellow. B. fusible with difficulty on tlic edges. Decomposed by hydrochloric acid. 

b^und in a mixture of felspar, albite, and mica. .Siberia and the United States. 

Fyzomozpkite . — Phonphate of T^ad, rolg»ph<erite^ Miesite^ RhomhoJiedral Lead 
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(?bO + Cl)+3(3PbO + PO*). rhombohedral. H 3*5 — 4-0 G 6*9 
— 7*1. Case 67 a. Frae, imperfect conchoidal. Semi-transparent. Lua. resinous. 
Col, green, brown, yellow, gray. Brittle. B. fusible. Soluble in nitric acid. 

Pound with galena. Bohemia, Saxony, Baden, the Hart/, France, Hungary, Cornwall, 
Cumberland, Durham, Yorkshire, Derbyshire, Scotland. 

Mimetite . — Arseniaie of Lead, Brachyiypom Lead llaryta, Arsenite, Hedyphane,-^ 
Pb Cl -1- 3 (3 Pb 0 + As 'o*). rhombohednl. II 3*5 — 4 0 G 7*18 - 7-28. 
Case 57 a. Frac. imperfect conchoidal. Translucent. Lus, resinous. Col. green, 
yellow, fiir, white. Brittle. B. fusible. Soluble in nitric acid. 

Found with galena. Saxony, Baden, Cornwall, Devonshire, ('umbcrland, France. 

Apatite — Phospluitc of Lmu', Tdlkapaiiic, FmneoUie, ulloroxUe, Asparagus Stone, 
TlmplioHle, ItJiomhohedrol Fluor Ifaloide, — Ca FI + 3 (3 Cii 0 + P 0®). rhombo- 
hsdral. II 5'0 G 3*18 — 3*21 Case 57 n. Frrttf. conchoidal. Transparent, trans- 
lucent. Lus. vitreous. Col colourless, white, gray, blue, green, yellow, red, brown. 
Str. white, lirittlo. B. fusible with dilBculty. Soluble in hydrochloric acid. 

Found in granite, gneiss, shite, marble, basalt, and in metallic veins. Spain, the Tyrol, 
iiohemiu, Saxony, Cuniwull, J)<*vonsliir(‘, (himbeiiand, Noiway,. r’nited States, Bavaria, 
I'Vnnee, the Ural. Named apulite by Werner, from airarcuo to tlcccire, on account of tho 
deei'ption it so long caused to the oldiT mineralogists. 

Phosgenite. — Hfitrio Carbonate of Lead, Korn Load, Corneous Lead. — ^Pb Cl + 
PI) 0 -f- C 0^ pyramidal. II 3*0 O G‘0 — G*2. Case 57 «. Frae. conchoidal. 
Transparent-translucent. Lnw adamantine. Col colourless, white, gray, yellow, 
green, brown. Stf\ white. Brittle. B. fusible. Soluble in nitric acid, 

A very rare mineral. Komid in cry.stttl.s and globular masses. Matlock in Derbyshire, 

( 'ornwall, Massachusetts. 

Sodalite. — Dodecahedral Amphigem Spar, Dodecahedral Zeolite.’— ^a. Cl -j- 3 (Na 0 
+ Si 02) + 3 (Al 0=' 4- Si O'), cubic. II G 0 G 2*287 — 2*292. Case 57 n. 
Frac. coiiehoidul. Semi-transparent, translucent. Lus. vitreous. Cut. colourless, white, 
yellow, green, gr.iy, blue. Str. white. B. fusible. Decomposed by hydrochloric 
acid, leaving a jelly of silica. 

I’Vmnd in lava, niiiia slate, and syenite. Sicily, Greenland, Siberia, Norway, United 
States. 

Eudialyte. — Rhomhohedral Almandine Spar. — 2 (R 0 + Si 0^) 4 - (Zr 0 4 - Si 0^) 
whore U is Nn, Ca, Fe, and ^lii. zhombohediral. II 5*0 — 5-5 G 2*84 — 2*95. 
Case 57i*. Frae. conchoidal. Translucent on the edges. Opaque. Lus, vitreous. 
Cof. rod. Str. white. Slightly brittle. B. fusible. Partly decomposed by hydro- 
rlilovic acid. 

r'outul nt Kangerdliiarauk, in West (irecnltuid. 

Pyzosmalite.— Perl Mica. — 15 (Fc 0 4 - Si 0®) + 15 (Mn 0 -J- Si 0*) 
+ 3 (Fe^ 0* 4- H 0) -J- Fe2 CP. zhombohedzal. II 4*0 — 4*5 G 3*0 — 3*2. 
Case 57 B. Fi'ae. uneven. Translucent, opaque. Lus. pearly or resinous. Col. 
brown, green. Str. lighter than the colour. B. fusible. Decomposed by hydro- 
chloric acid. 

A rare mineral. Found in attached and imbedded crystals. Sweden. 

Fluoz — Fltrafe of Lhne, Octahedral Fluor Haloide^ Fluor Spar.-.^Cn. FI. cubic. 
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II 4*0 G 3*017 — 3*188. Caso 58. Frae. conchoidal. Transparent, translucent. 
Lhs. vitreous. Col colourless, white, gray, yellow, red, blue, green, black. Str, white, 
Brittle. B. infusible. Soluble in nitric and hydrochloric acids. 

Found in veins in tertiary limestone, porphyry, and porphyritic greenstone. Saxony, 
Bohemia, Baden. Cornwall, l>evonshire, Derbyshire, Cumberland, Northumberland, tlie 
Baiint, Norway, Paris, Benfrewshire, Siberia, Diiited States, Mexico, Vesuvius. The large 
ciystuilinc masses of Derbyshire presenting a concentric arrungeiiiont of various cohuirs, 
principally blue, is known by the name of Jilue John. It is turned on the lailic into x .isrs 
and other ornaments. Fluor is used as a tlux for the metallic ores, hence its name from 
the Latin duo to flow. 

Fluellite. — Case 58. Translucent. Col. 
white. 

.\. Yoi*)' rare minernl, found on granite, at Sienna Gwyn, in Cornwall. 

Fluocente. — Neutral Flnalo of Ce^'inm. — Co F Co- F". vhombohedral. 
II 4*0 — 5 0 G 4*7. Goso 58. Frac. uneven. Opiuiuo. Lus, feeble. Col. rod, 
yellow. Sir, ycllowiah-whito. B, infusible. 

.\ \(‘ry rare niiiUTul, found in alldlc .and c|uar(z. Ilroddl)o, luaiv VahUin, in Swodou. 

Yttrocerite. — V)/rftmwlal Ciriuni llarylu.^Qo. F, Y F, Ce F. Case 58. Frae. 
unovon. Trnnslucoiit, opaque. Lus. vitreous. Col. purpl(‘, blue, rod, gray, white*. 
Str. white. Brittle. B. infusible. Deoomposed by sulphurh; acid. 

hound ill quartz. Sweden, 'Massachusetts. 

Chiolite.— 3 Na F + 2 Al F‘. pyzamidal. 11 4 0 G 2*84 - 2*90. Caso 58. 
Transparent, translucent. resinous. ( W. coloiii less, while. B. fusible. Decom- 
posed by sulphuric acid. 

Found in granite. Miask, in Siberia. 

Cryolite.—a Na F + Al F*. prismatic. II 2*5 - 3*0 G 2*953 - 2 !m3. 
Case 58. Frac. unevoii. Scini-transparent, translucent. Ln^. vitreous. Col. wliitc, 
yellow, red, brown. Str. white. Brittle. B. fusible. Soluble in strung sulpbnru; 
acid. 

loiind in gneiss and graiiib*. AVest Greenland, Siberia. 

Chodnewite — 2 Na F -j- Al F^. II 4*0 G 3*0 — 3*08. Transparent, tran.s- 
liicent. Lus. resinous. Col. colourless, white. B. fusible. Decomposed by siil- 
idiuric acid. 

Found in gi’anito. Minsk, in Siberia. 

Zicucophane.— .3 (Ca 0 + SL 0-) + (3 G 0 + 2 Si O'-) + Na F. anorthic. 
II 3*5 — 4*0 G 2*974. Frae. uneven. Tnuisparont, tnansliiccnt. Ltts. vitreoua 
Col. yellow, green Str. white. Very tough. B. fusible. 

Found imbedded in syenite, near lirevig, in Norway. • 

Topaz, — Pnsmatie Topaz^ Pf/cnitCj Pyrophysalite. — 2 Al F® + 3 Si F- +12 (Al 0^ 
+ Si O'), prismatio. II 8*0 G 3*4 — «3'G. ' Cose 58 a. Frae. conchoidal. 
Transparent, translucent on the edges. Lus. vitreous. Col. colourless, white, yellow, 
red, blue, green. Sir, white. B. infusible. By ignition, the y(*llow varieties become 
red, ait#l the pale yellow colourless, without losing their transparency. 

Found in granite, gnei8.s, and porjihyry. Siberia, .Moravia, Asia Minor, Saxony, the 
Brazils, Bohemia, Cornwall, Ireland, Scotland, Sweden. New South Woles. The jiurcst 
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varieties from the Brazils, called the GoulU when cut in facets, like the diamond, 
closely resemble it in lustre and brilliunce. The topaz is used as an ornamental stone. 
The Brazilian topaz, which has been made red by exposure to heat, when polished, can he 
distinguished from the bales ruby only by its becoming electric by friction. 

Bnmite. — Chondrodite^ Hcmlprimaiic Chrysolite^ Macheritej Brueiie,^Z (2 Mg 0 
+ Bi O’) + Mg FI. oblique. II 6-5 G 3-10 — 3*20. Case 58 a. Frac. Uneven- 
Transparent, translucent. Lu^. vitreous. Col. yellow, brown, gray. Str, white. 
B. infusible. Soluble in hydrochloric acid, leaving a jelly of silica. 

Found in limestone and dolomite. Finland. Sweden, United States, Vesuvius. 

Salt. — Muriate of Soda^ Chloride of Sodium^ Rock Salt. — Na Cl. cubic. II 2*0 
G 2'22. Case 59. Frac. conchoidol. Transparent, translucent. Lus, vitreous. Col, 
(colourless, white, gray, yellow, red, green, blue. Str, white. Taste, saline. Eather 
brittle. B. fusible. Soluble in water. 

Found widely disseminated, in thick beds and masses in various formations, and as an 
clRorescencc covering large tracts of country. Hungary, Moldavia, Styria, the Tyrol, 
Bavaria, Wiirtomberg, Switzerland, Spain, ('heshire, the Brazils, Mexico, Africa, Arabia. 
Used extensively for culinary purposes, ngriculturul and metallurgic operations, olso in the 
manufacture of earthenware, soap, soda, &c. 

Sylvine. — Chloride of Potassium. — K Cl. cubic. G 1*9 — 2*0. Transparent, 
translucent. Lus. vLlreous. Col. colourlcs?, white. Taste, salt, rather bitter. 
B. fuses and volatilizes. Soluble in water. 

Found in crystals, and as an Mllorescciice. Vesuvius. 

Sal Ammoniac. — Muriate of Ammonia^ Octahedral Ammonia Salt, Salmiak . — 
N 11^ Cl. cubic. II I *5 — 2*0 G 1*528. Case 59. Transparent, translucent. 
Lus. vitreous. Col. colourless, white, gray, yellow, brown, black. Str. white. Taste, 
saline. Very sectile. B. volatilizes without melting. Soluble in water. 

Found in ciystals and massive. Vesuvius, Ktna, Solfatarn, Lipari, Bourbon, Iceland, 
Bucb.'iriaii Tartary, Himalaya ^louufaiiiK, France, Scotland, Newcastle. Employed in 
mediciiie, metallurgic ox^erjitioiis, and in tinning and soldering. 

Cotunnite, — Pb Cl. pziamatic. G 5*238. Case 59. Transparent. Lus. 
adamantine. • Col. (lulourlcss, white. Str. white. B. fusible. Soluble in water. 

Found ill the crater of Vesuvius after the irruption of 1822. 

Katlockite.— Pb Cl + Pb 0. pyramidal. H 2*5 — 3 0 G 7*21. Case 59. 
Frac. uneven. Transparent, translucent. Lus. adamantine. Col. yellowish. B. 
fusible. 

Found in old heaps in the Croiiiford level, near Matlock. 

Mendipite. — Kerasine, Peritomous Lead Baryta.-^Vh Cl 2 Pb 0. prismatic. 
II 2*5 — 3*0 G 7'0 — 7*1. Case 59. Frac. conchoidal. Translucent. Lus. ada- 
mantine. Col. white, yellow, red, blue. Str. white. B. fusible. Soluble in nitric 
acid. 

Found with ores of lead. Mendip Hills, Somersetshire, Westiihnlia. 

BLcmolinite. — Muriaie of Copper, Smaraydochalcit, Atacamite. — Cu Cl 3 (Cu 0 

H 0). prismatic. II 3*0 — 3*5 G 3*69 — 3*71. Case 59. Frac. conchoidal. 
Somi-transparent, translucent oa the edges. Lus. vitreous. Col. green. Str. green. 
Eather brittle. B. fusible. Soluble in acids. ( 

Found in veins and as a volrauie product. Los Remoilinos, Guasko, Chili, Peru, Saxony, 
Vesuvius, Etna. 
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HoiUBL^iXLXAn'-^ulphato^ehlioHde of Copper^ vlioinboliedEal* Lcm. Titrcous. 
Translucent. Col, blue. B. fusible. Soluble in hydrochloric acid. 

Found with arsoniate of oxide of copper. Cornwall. 

Percylite —A Hydrochloride of Lead and Copper, cubic. II 2'5. Case 59. 
Lu8. vitreous. Col. sky-bluo. Sir, the same. Soluble in nitric acid by boiling. 

Found with gold in a matrix of quartz. La Sonora in Mexico. 

Kexate. — Muriate of Silver, Hexahedral Perl Kerate, Ilorimlver. — Ag Cl. cubic* 
11 1*0 — 1’5 G *5-55 — 5*60, Case 59. Frac. conchoidal. Transparent, translucent 
on the edges. Lue. waxy. Col. pearl-gray, blue, green, brown, yellowish-white. 
Str. shining. Malleable and scctilc. B. fusible. Soluble in ammonia. 

A rare mineral, found in veins with oros of silver. M(ixi»*o, rorn, Chili, Siberia, Franco, 
(’’omwull, the Hart/.. Derives its name from iccpas /iwrn, on oocouiit of its appearance. 

Embolite.— 2 Ag Br + 3 Ag Cl. cubic. 11 2 0 G 5*789 — 5*806. Frac. 
hackly. Lus. adamantine. Col, yellow, green. Perfectly malleable. 

Found in liinestone. Copiapo in Chili. 

Bzomitc. — Bromide of Silver. Ag Br. cubic. II 1*0 — 2*0 G 5*8 — 6*0. 
Case 59. Lus. bright. Col, green, yellow. Sir. green. B. fusible. Soluble in warm 
concentrated ammonia. 

Found witli kerate. IMoxico, Chili, Bretagne. 

lodite. — Iodic Silver. 111*0 G 5*504. resinous. fW. yellow, green. 
Str. shining. B. fusible. Soluble in strong hydrochloric acid. 

Found in serpentine and porphyry. Mexico, (’hili, Spain. . 

Calomel. — 3furiatc of Mercury, Pyramidal Perl Kcralv, Horn QuicJcsilvcr. — Ilg- Cl 
pyzamidal. 111*5 G 6*4— 0*5. Case 59. conrhoidal. Translucent, trans- 

lucent on the edges. Lus. adamantine. ^ W. gray, green, yellow, brown. Str, wdiitc. 
Scctile. B. volatilizes. Soluble in nitro-iniiriatic aedd. 

Found with mercury and cinnabar, liohoiiiia, the rdliitinute, Carnhila, Spain. 

Coccinitc. — loduret of Mercury. — Lus. adamantine. Col red. Melts and sub- 
limes cosily. 

This mineral is probably identical w’iih the rod crystals of lodiilo of Mercury, Hg 1, 
foimied by cooling a saturated solution of Iodide of .^lercury in an nquuous solution of lodidu 
of Mercury and Potassium. These crystals are pyramidul ; when he.atud they bubliinc ainl 
form yellow crystals belonging to the prismatic sy.'»tem. Tin; yellow cry-stals become red 
by being scratched or rubbed. 

Kellite.— of Alumina, Honey Slone, Pyramidal Mclichrone Resin. — Al O’* 4- 
04 0"* -|- 18 II 0. pyrxamldal. H 2*0 — 2*5 G 1*5 — 1*6. C^ 60. Frac, coii- 
choidal. Transparent, translucent. Lus. resinous. Col. Iloncy-ycllow, inclining to 
red or brown. Str. white. Scctilc. Soluble in mtric acid. 

. Found in beds of brown coal.' Thuringia, Bohemia, Moravia. 

Rumboltine. — Oxalate of Iron, Oxolit. — ^2 (Fo 0 -{- 0^) -t- 3 II 0. II 2*0 

G 245 — 2*25. Case 60. Frac, uneven. Opaque. Lus. waxy. Col. yellow. Str. 
yellow. Slightly scctilo. Soluble in acids. 

Found in a bed of brown coal. Bohemia, Hessia. 
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Whewellita.— of Liwc.— Ca 0 + C* 0=* + H 0. oblique. II 2-5 — 
3*0 G 1*833. Frae, conchoidal. Transparent, opaque. Luo, vitreous, colourless. 
iS7r. white. Very brittle. 

Found with colcite. Hungary. 

StxuTite. — Owtnite . — (2 Mg 0 + ^ 0^) + N II® +13 HO. pvisiiuitle. 
II 1*5 — 2*0 G 1*60 — 1*75. Case 60 a. Frac. conchoidal. Transparent, semi- 
transparent. Tjits, vitreous. Col, colourless, yellow, brown. 8tr, white. B. fusible. 
Soluble in hydrochloric acid. 

Found in crystals in IR 1.), when digging the foundation of tho new church c)f St. Nicholas, 
Hiimbiirgli, having been i)roduccd by tlie decomposition of animal matter ; it has also been 
disj'ovcrcd in guano from the coast of Africa. 

Amber. — Bernstein, Succinite.— H* 0. Amorphous. II 2*0 — 2*5 G 10 1*1 . 

Case 00. Transparent, translucent. Lus. waxy. Col, yellow, red, brown, w*hitc. 
Sir. yellowish-white. Slightly brittle. 

Found in rounded masses and disseminated, occurs principally in thetertiniy coal fonun- 
lions. Sicily, rnissia, Fomernnia, Holatoin, Courland, Livonia, pj-eenland, China, Franci . 
Italy, Spain, England, Ireland. It frequently contains insects which ore now extinct. Used 
for ornamental piii'poses, and also in the manufacture of varnishes. 

Copaline —Fossil Copal, ITighgate JZtfwi.— Amorphous. H 2*5 G 1*046. Case 60. 
Frac. conchoidal. Semi-trausparent, translucent. Lus, waxy. Col, yellow, brown. 
Brittle. Slightly solublo in ether. 

‘ Found in blue clay. TIighgnto near London, and in tho East Indies. 

Retliia8plialt.-ifc^m<7tf.— Amoi-phous. II 1*0 — 2*0 G 1*05 — 1*20. Case 60. 
Frac. conchoidal. Semi-transparent, opaque. Col. yellow, brown, gray. Sir. ycl- 
lowish-brown. Brittle. 

Found in brown coal, stone cool and peat. Hulle, Vogelsgebirge, Devonshire, Mai'yluud, 
Bohemia, Osiiabruck. 

Naphtha.— l?ar^A Oil, Bitumen. Liquid. G 0*7 — 0*8. Case' 60. Transparent, 
translucent. Col. colourless, yellow, brown. Unctuous to the touch. Smell aromatic 
and bituminous. Soluble in pure alcohol. 

Found oozing out of clefts in rocks or the gi-ound. Italy, the Alps, Pyrenees, United 
States, Persia, East Indies, China, Baku. When exposed to the air becomes thick and at 
last solid. Petroleum, Eluierite, and Asphaltum, are supposed to be naphtlia thus altered. 

Petroleum, found in Hanover, Brunswick, Alsace, Auvergne, Baibadoes, Trinidad, Lan- 
cashire, Coalbrookdale, Edinburgh, Ava. 

Klaterite, found in Derbyshire, France, and Connecticut. 

Mphaltum, found in Hanover, Soult, the Rhone, the Dead Sea, Cornwall, Shropshire, 
East Lothian. 

Scheexexite,— C IP. obliqne. Soft. 01*0 — 1*2. Case 60. conchoidal. 
Transparent, translucent. Lus. resinous. Col. white, gray, yellow, green. Str, white* 
Brittle. Unctuous .to the touch. Soluble in nitric acid. 

Found in brown coal. St. Gallon, Westcrwald. 

Konlelnite.— Ab;<ft76.— C® H. G 0*88. Cb/. white. 

Found in crystalline* plates and grains, in brown cool and in a peat bog. Switzerland, 
Bavaria. 
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Fichtelite* — A hydrocarbon. Transparent. Lus. pearly, colourless. Unctuous 
to the touch. Without taste or smell. Soluble in ether. 

Found in acicular crystals, lictween the yearly rings of pine stems in a bed of turf. 
Bedwitz, near the Fichlelgebirge. 

Haztite. — A hydrocarbon. 11 1*0 G 1’04G. Case 60. Frae. conchoidal. 
Translucent. Lm, fatty, feeble. CoL white. Not flexible. Scctilc. Soluble in ether. 

Found in brown cool. Oberhart in Austria. 

Osokezite.— G H. 'll 1*0 G 0-94 — 0*97. Frae. conchoidal. Jms. waxy. 
Translucent on the edges. Col green, brown, yellow, red. ISlr, yellowish- white. 
Scctile, tough and flexible. Soluble in oil of turpentine. 

Found in Moldavia, Austria, Newcastle. 

Batchettine. — GIL 11 1*0 0 0*6078. Case GO. Translucent, nearly 02 )aque. 
Lu8, pearly. CoL yellow. Partially soluble in ether. 

Found in masses resembling Avax or train oil, in the coal formations of Kiigland and 
Scotland. 

Middletonite. — 0 l«G. Thin fragments, transparent, resinous, ^'o/. brown. 
Str. light brown. Soluble in concentrated sulphuric acid. 

I'oiind in small rounded masses between layci’s of cuul. Leeds, Newcastle. 

Psathyrzite . — Jlartin. — G 1*115. CoL wliitc. Soluble m petroleum. 

Found in masses resembling train oil in brown eonl. Oberhart in Austria. 

Ouyaquillite. — Amorphous, soft. 0 1*092. Opaque. CoL bright yellow. 
Soluble in alcohol. 

Found at Ouyaquil in South America. A substance found in the Irish bogs, and called 
hoQ butter^ seems to bo allied to guyaquillite. 

Berengelite, — Amorphous. Frae. conchoidal. Im. resinous. CoL dark brown. 
Hlr, yellow. Taste, hitter. Soluble in ether. 

Found in large masses in the province of St. Juan ilo lierengela in South America. 

Walchoizite* — Amorphous. II 1*5 — 2*0 G 1*035 — 1*069. Frac. conchoidal. 
Translucent. Translucent on the edges. Jmh, fatty. Co/. 'yellow, brown. A'/r. 
ycllowish-wbitc. Brittle. Soluble in sulphuric acid. 

Found in brown coal. Walctlunv in ^loravia. 

Zzolyte.— Amorphous. 11 1*0 G 1*008. Cose 60. conchoidal. resi- 
nous. CoL red. Str. yellow. Sectilc. Smell, aromatic. 

Found in brown coni. Oberhart in Austria. 

Piausite.— II 1*5 G 1*220. Frac. imperfect conchoidal. Translucent on the 
thinnest edges. CoL blackish-brown. Str. yellowish-brown. Scctilc. 

Found in a bed of brown coal, near Piauze in Camiola. 

Anthzaeite* n 2*0 — 2*5 G 1*3 — 1*75. Case 60. Frae. conchoidal. Lus. 
vitreous. CoL black. Str. black. Brittle. 

Fomid in the Alps, Pyrenees, France, Pennsylvania, Mnssachuselis, Bohemia, Silesia, 
Saxony, Hessia, Staffordshire, Brecknockshire, Carmarthenshire, Pembrokeshire, Scotland, 
Ireland. Used as a fuel for furnaces. 
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Black Qo9X^-~Bituminou8 coal H 2*0 — 2*5. Case 60. Frae, conchoidal. Lus. 
waxy. CoU black. Sir, black. Slightly acctilc. Brittle. 

Found in England, Germany, liohemia, Moravia, Belgium, France, North America, 
China, Japan, Australia. Most valuable as a fuel. Upwards of 50,000,000 tons are obtained 
from the coal fields of England annually. 

Bzcwn CodX,^lAgnite. H 1*0 — 2*5 G 0*5 — 1*5. Case 60. Frae, conchoidal. 
Lus, waxy. Col, brown, black. Sir, brown. 

Found in Germany, Switzerland, Hungary, Italy, Greece, Iceland, Greenland, Deroii- 
shirc, Sussex, Scotland, Faroe Isles, Ireland. 


WALTER MITCHELIi, M.A. 
J. TENNANT, F.O.S. 
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GEOLOGICAL INDEX, 

^lASsaml, an)) lefmnttal 


A 

VT)Borptlon of 13'!. 133 

A(lL>lBt)ei*{;, CAVcrns of, ini. 

Adit level ofn uiiiio, SrO* 

Acruil pcispoctl^e, physical ptlnciplos of, 141. 

Aflrica, physical ffcoprapliyof, 21. 

Aimciiltiiral geokigy, lUl ; kiiuwloJgc of nccos- 
sary, l'.)2. 

Ayricultui’c, application of j&ology to, 130 : rcla- j 
tion ofKoolo^'y to, 105. 

Aiauillu do l)ni, in S^vitzorland, view of the, 143, 
114. 

VIr, periolie chun^ca of the, 10, II (sco Atmo- 

SPIIKRF.). 

Vir and wa^cr, action of, uti exposed coasts, 21. 

Alaluv^tcr (<lr. jilnbaitlron a town in Egypt 
whore the niiucr.al aboundcdl), wide distribution 
of. 209. 

Mtiercsc njcks of Italian geologists, 108. 

Alleghiiuy nioniitsiins, view of the, 150. 

Allonliends, the KFcat load mines of, 285. 

Alluvia, inliihii; in, 2M. 

.Vlhivisd soil, deposits of, 192; derived from 
rivers, 191. 

.Vlps. mountain ramie of the, 21, 25. 

.Mum Uay, Tsle of Wight, soft sand.s of, 104. 

Alum shale of the Yorksldre coast, 71» 96. 

Aluminous soils, 193. ^ 

Amazon, the river, its vast magnituuc, 18 ; Im- 
xnenso deposits of the, 38. 

America, river systems of, 18; physical geography 
of, 22; numcrons bods ill, 119. 

JimmonUvx bisfilcafut (firom .dmmon the ram’s- 
horned Lyhian deity, and Lat. biauleatm doa- 
ble- Airrowcd), aliasfossU, 94, 95, 90. 
bultntua (from Lat. butlalua studded), an 
oolite fossil, 97. * 

Jason, an oolite fossil, 98, 99. 

-Vmygdoloid (Gr. amygdala an nlmopd, and 
eidos Tcscmblance), rocks so called, 48. 

Ancploceras (Gr. ankulos a curvature, aod 
keras AhoTti), a yoocomian fossil, 104, 105. 

Andes, mountain dialn of the, 24, 25. 

Anlnlld nib, first condition of, on the earth’s snr. 
ftcc, 77. 


Animals, distribution of, on tho corflt, throiign 
the dilTcrt'nt periods of time, 61 vi svq.; bones 
of. finiiid In tho Arctic regions. 61 ; nctaptatioii of 
c\ery part of the skeleton of, 64, 6r» ; once ex- 
isting in our own Island, 70 ; in 8outh AmGric.«i 
and Australia, ib , ; of tlio ml sandstone forma- 
tion, 92, 93 : extinct races of, 126. 

Anoplodicriiim (Gr. anuplos iin.'irnied, and the^ 
rion a wild Ixi ist), account of tho, 110, 123. 

Anthracite, coiiKtituents of, 2.30. 

Apkx^riiiito (Gr. apion a pear, and krinon a 
lily), a middle oolite ros.sll, 99, 99. 

Apteryx (tJr. a and ptvryx wanting wings), tho 
whialcsH blnl of Xcw Zealand, 65. 

Aqueous action on tlie earth’s siirfai'c, 37* 

Aqueous rocks, 47, 5.8 ; arrangenient of, 59. 

Aqueous theory of inhierul veins* 269. 

Arcadia, liiiicstono uiuantaiiis on tlio coast oC 
152. 

Architectural geology, 201. 

Arctic regions, bones of tropical nnimals found In 
thc.Ct. % 

Art, fiopcndcnce of, on science, 132. 

Arlesian spring, s, tho geological principles of, 201. 

Artist, linportauco of seiuntiilc knowledge to the, 
133. 

Aria .Minor, extinct volcniioes In, 180, 181 . 

Astarte cUgans (Irum Astnrte the Sidonlan 
gtddcss of iMUiiity, and Lat. vlcgans elegant), 
an oolite fossil, 99. 

Atlantic, iiiariiio currents in tho, 16. 

Atmosphere (Gr. utmos vapour, and x;7/<riira a 
globe), component elements of the, 7* 8 ; its 
uses, 9; changes of its conditiuu, 10; its nature, 
133; illusions of the, 135, 136; circulation of 
water by the, 198, 

Atolls, formed of coral reefs, dkl, 36. 

Augitc rock (Gr. auge glittering), 52, 53. 

AulopKfa serpens (Or. aulos a pipe, and para 
a por^ ; Lat. serpens creeping), a middle paloDO- 
zolr: fossil, 81. 

Aurora boreftlla, phenomena of the, 137# L18* 

Australia, fbaril animals tbiindin, 125. 

AveUdna cassis (Lat. avettana a illbcrt nut, 
and cassis a helmet), a greensand fossil, 107* 
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B 

Bdlihnlliih data quarriei in Scotland, 211. 

BaiaHof Tolcaiiicrodu, 177 s aolla derived from, 
193. 

Baiaitleiocka, theirnatan, 53, 54 ; fcenoiy of, 181, 

Baatei, near Dresden, geological features of the, 
166 , 167 . 

Bath stone, one of the ooUUc series of rocks. 7(98; 
its qualities as a building material, 207 , 208 . 

Batrachian reptiles (Or. batraehoM a fi^), fos- 
sUlaed, 02, 93. 

Beaches, raised, tertiary deposits of, 71 # 131. 

Beiemnltes (Or. belemnon a dart), fossil remains 
so called, 95. 96 ; of the secondary period. 111. 

B. mueronatut (Lat. mueronatua shaip-polnt* 
ed), a cretaceous Biiedcs. 106, 109. 

BellerOplioo, a fossil so called, 84. 

Berdan's machine, used for cruriiing and amalga- 
mating of ores, 258. 

Bird, Imprint of the foot of a fossil species, 61. 

Birds, gigantic, fossils of, found in New Zealand, 
125. 

Bituminous cool, 228 ; cannel a rcmorkablo speci- 
men of. i5. 

*' Black bands," the ironstone of the Clyde dis- 
trict. 263. 

Blackdown fossils, group of, 106 , 107 . 

Black-gang Chino, Isle of Wight, stratlfled sand- 
rock of, 165 ; waterfall of, 171 * 

Blasting, operations cf, in mining, 284. 

Boghead cool, analysis of, 2‘29fi. 

Boring for coal, procosa of, 236. 

Boulders, eiratic. 121 ; composition of, 185. 

Bradford day, a subdivision of tlie oolite series, 
account of, 71 , 98. 

Brard's iftothod of testing building stones, 205 

Brazils, method of working the gold ore in, 253, 
254. 

Brick days, geology and contents of, 213, 214 

Building, sandstones used for, 206 ; limestones 
used for, 207 ; granite, marbles, &c. used for, 
209. 

Building materials, properties of, 204; Brard's 
method of testing building stones, 205. 

Q 

Calno-aoio (Or. kainoa new, and moom Ufo) rocks 
so called, 117 » note. 

Caithness flagstones, aoconnt of, 212. 

Calamite (Lat. enMnitt# a reed), account of the 
fossil so called, 83, 224; of the carboniferous 
period, 83. 

Calcareous soils, 193. 

Calcareous rocks, 194. 

Callfomla» methods of working the gold ore in, 
256. 

Calymene BlumanhaMi (Or. kalffmma a 
covering), a Silurian Ibssll, 75. 


Cancer Macraeheitua (Lat. cancer a cfab)i ft 
tertiary fossil, 120. 

Candles used In coal mines, 244^ 245, 

Cannel cosl, nature cf, 228. 

Carboniferous limestone, 153. 

Carboniferous rocks, hard sands of the, 168. 

Carboniferous sea, condition of the, during tha 
palAozolc epoch, 85 ; shells and flshea of the, 86. 

Carboniferous aeries of foBBlls, 82 at aeq,\ group 
of, 84; plants of the, 87; cool formations. 87. 88. 

Cardla (Or. kardia the heart), a marine fossil, 

117 , 118 . 

Cardtia peeiuneuldria (Gr. kardia ; Lat. 
pecten a comb), a tertiary fossil, 118. 

Cardium peregrinum (Gr. kardia ; ^Lat. perc* 
grinum foreign), a Keocomlan fossil, 103, 104. 

C. hillanum, a greensand fossil, 107 

Cam Brea mine, its Immense depth, 278. 

Cascalho, the Brazilian name given to the auri- 
ferous detritus, 254n. 

Catakceaumene, in Asia Minor, extinct volcano 
of, 180. 

Caverns of Dudley Castle, 158; of Addsborg, 161 ; 
at Nottingham Castle, and lu Saxon SwlUer* 
land, 166, 167. 

Cements, geology of, 213, 214. 

Ceratites (Gr. keraa a hom), a sandstone fossil, 
92. 93. 

C. nodOaua (Gr. keraa^ and Lat. nodoaua, 
knobby), a sandstone species, 93. 

Cerithium hesagdnum (Or. keraa ; heg six, 
and gonia an angle), a tertiary fossil, 118. 

Chalk cllflb of England, 156. 

Chalk formation of the secondary epoch, 106 ; 
fossils of the, 106, 107; the highest deposit oltho 
secondary series, 108. 

Chalk spongo, figure of, 109. 

Cheddar clilTs, limestone rocks of, 155. 

Cheese grotto in the Elfol, 54. 

Chelonia Benatvdi (Gr. chelya a tortoise), a 
greensand fossil, 107. 

Chili, meftiod of working the gold ore In, 256. 

ChonBtea Daimanidna (Or. ehoni a funnel), 84. 

Cldftris (Lat. eidaria a turban), figure of, 95, 96. 

C, gtandiformia (Lat. glandiformia acom* 
shaped), an oolite fossil, 100. ^ 

Cirrus douds, 139, 140. 

Classiflcatiou, law of. In geology, 66; ofstratiOed 
rocki, 70; tkbto of, 71 ; of fooslllzed fishes, 70. 

Clay, soft, picturesque forms of, 172. 

Clsy ironstones of the lias formation, 262. 

Clay rocks, nature ofi 171, 172; rarletles of slates 
of, 174 . 

Clay slate, a metamoridilerock, 56. 

Clays ofLondon and Hampshire, 71. 117; of the 
secondary rocks, 173; polarities of, yaried in 
plains, ib,\ varieties of, 174; various ^'>loutB 
of, 176 ; varieties in England, 193 194, the 
constituents of brick, porodiln, Ac 213, 214. 
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CteaTftg* of riaio rock* 57* 
t'Ufft at tho Me of Wltfbtp HaaCIogi. Hythe. &e.. 
165. 

Cllmetea phyaleal conditions of, 25. S6 ; iiiflaence of. 

on civilisation, 27 ; the eflRect of local caoses, ib. 
Clouds, phenomena of, 17, 139; Ihmiatkmof, 17; 
varieties of, 139, 140, 141 ; ao^ental ocdottreof, 
141. 

Clyde district. Its beds of ironstone. 263 
fUjfmBnia Sedgwiekii (Gr. k»gmin04 cele- 
brated), a sandstone fossil, 81. 

Coal, deposits of, in Qeimany, 71 : of the carbo- 
rJferous series, 71. 83; the true vegetablo 
origin of, 87 ; its use and value as a Ihel, 221, 
S22 ; its extensive distribution, 221 ; its geolo- 
gical origin. 223-225 ; chiefly formed from the 
plants SIglllaria, Stigmarim, Lepidodendion.and 
the Calamite, i5. ; thickness of the beds of, 
225n ; mineralization of, 226 ; Its appearance at 
the surface of the earth, ib. ; its relative posi- 
tion, 227, 231 : varieties and essential peculi- 
arities of. 228; bltuminotif coal, t5. ; cannel a 
remarkable variety of, ib. ; obtained In North- 
umberland, Durham, dec., 229 ; steam coal, ib. ; 
anthracite, 230 ; relative value of, ib. ; age of, 
ib. ; interruptions of coal beds, or Ikults, 231- 
233 ; appearance of tho coal field after distur- 
bance, 232; dykes in coal Helds, 233, 234n; 
value of sections of. 234; Ironstone and pyrites 
of, 235 ; many scams contain iron, ib, ; Im- 
portance of to England, 249. 

Coal Mines and Coal Mining, surface seams the 
simplest form of mining, 235 ; deep workings, 
336; process of boring, ib.; shaft sinking, 237; 
various methods of tubbing, f5. ; dllfercnt plans 
of working. 238; the Newcastle method, ib.; 
explosive gases, 239 ; fire-damp, 239, 240 ; on 
the proper ventilation of, 240 et teq. ; accidents 
from fire-damp, 2fl, 242; various methods of 
ventilating, 243, 244 ; the safety lamp, 244 ef 
ieq.i accidents In, from water, 248; miscel- 
laneous accidents in, ib.; dangerffrof, 250; 
necessity of legislation respecting, 250. 
Cologne,volc^c action in the neighbourhood of,179 
Colour, nature and pbcnomenm of, 136, 137* 
Coloura of clouds, 141. 

Conglomerate rocks (Let. eonglomero to heap 
togetlier), 48. 

Continents of Europe, Aria, and Africa, physical 
geography of the, 21 ; of America. 22. 
Conularia ornata (Qr. konot a cone; Lat. 

ornata adorned), a sandstone fbsril. 81. 

Coral rocks (Gr. koraiiien, from kor§ and ah 
daughter of the see), formation of. 65, 161. 

Coral islands built by the polyp, 41, 42; recent 
limestones of, 160. 

Coralgag, a variety of the oolite seriee, 71f 100. 
OonOUne crag, n deposit ef the middle tertiary 
period, 71, 119 
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Coralline foMlla of the oolite ibnnatlon, 97, 104. 

Ourala of the carboniferoos period, 85. 

Combrasb, • varloty of tho oolite formation, 71# 
98. 

Cornwall, great depth of the mines in, 284. 

Cosieaulng, the method adopted for discovering 
the precenee of a mineral vein, 273 

Cotop^, volcano of, 178. 

Cotteswolds, oolitic hills of the, 156. 

Omrring the air, a process for ventilating oefil 
mines, 243. 

Crag, mammelifcrous, of Norfolk, 71 , 1 21 ; tertiary 
deposits of, ib. 

Crag-cliffs of the Loire and Garonne, 71 • 

Crania (Gr. krauion the skull), a fossil of tha 
chalk formation, 106, 109. 

Cretaceous fossils (Lat. ereia chalk), 105, 106. 

Cretaceous limestones, 156. 

Crinohlsl group {Qr. krinon a lily, and eidoi 
resemblance), rod sandstouo fossils, 92. 

Crushing mill, used for tho preparation of ores, 
257, 258. 

Crystalline limestones. 162. 

Ciyitalllne rock, peculiarities and sconmy of, 177* 

Crystali (Or. kryatallot ice), nature anti proper- 
ties of, 44. 

Ctenoid fishes (Or. ktenion a little comb, and 
eidot resemblance), scales of the, 79. 

Cumberland, vast mhierul fields of, 261 , 262. 

Currents, marine, phenomena of, 15; their course 
in the Atlantic, 16. 

Cgaihocrinus cargocrinolde§ (Or. kyathot a 
cup, and krinon a lily ; karyon a nut, krinon 
a Illy, aud eidot icsemUanco), a carboniferous 
fosril, 84. 

Cyathophyllum easpitoium (Gr. kyatho* and 
phytion a cup-shaped leaf; Lat. eatptiotuo 
turfy), a Silurian fossil, 75. 

Cycadeoidea (Gr. kyka§ the Ethiopian palm, and 
eidoM resemblance), an oolite fossil, 100. 

Cyeias antiqua (Gr. kyktoo a shield, and Lat. 
antiqua ancient), a tertiary fossil, l]7i 116> 

Cycloid firiies (Gr. kykioo, and eidos reaeni- 
blaiice), scales of the, 79. 

Cyeiootomo Arnotdii (Gr. kykhi, and itoma 
the stomach), a tfsrtiary fossil. 1 18. 

Cyprma riigant (Gr. Cyprma tho name of 
Venue, and Lat. elegant beautiful;, a tertiary 
fosril, 118. 

CylMre aarieulata (Or. Cytherea Venns, and 
Lat. aarieulata eared), aVfoMNk fossil, 101. 

D 

Damp In ooal mines, 239, 242. 

Davy lampfits value In coal mines, 245, 247 ; nnni- 
ber of lamps In tha Wallsend pit, 246 ; oeddeutt 
with the, 246 ; orden respecting tha. In tha 
Wallsend colliery, 246. 
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Dcan'k Idand, ibimed of eoiral rock, 36. 

Dclabolo flato qaany» oountj Cornwall* 211. 

Deltas, modern toitiarj deposits of, 71. 

Deposits of animal origin, 41 . 

Dorbyshin, mountain scencrj of, 154 s TOSt mloo- 
lal fields of, 261. 

Desert, scenery of the, 143. 

Development, law of. In goolofy, 62. 

Devonian period of the earth’s suifhee, 78 ; group 
or fossils of tho, 81. 

Dlallago rock (Or. diallage diircronoe), 52. 

Diamond washing In mining opeintloiui, 259. 

Dlnothcrlum (Or. deinot terrible, and t Ac Won n 
wlldbciist), fossil remains of the, 119, 123, 124. 

Dimerocrinitea leoaidaetglua (Gr. dimer ea 
divided Into two parts, and krinon a lily ; 
rikoai twenty, and daktyloi fingers), a Silurian 
fossil, 7.5. 

Dlstriltiitlon of organic beings, law of, 67 

Divining rod. adopted for tho discovery of a mine- 
ral vein, 273tt. 

Dciilo, nn oxiinct species of bird, 6.5. 

Doors for preventing explosions In coal mines, 244. 

Do\’c Dole, county of Derliy, sccnciy of, 155. 

Drainage in mines, 283, 284. 

Draining of bind, operations for the, 195, 196, 197* 

Dressing the oro In mines, 281 . 

Drift, deposits of, 121. 

Drifis 111 mines. ^8. 

Dudley Cotilo, caverns of, 158. 

Diirhnro, vast mineral fields of, 261. 

Dykes, appearance of. la coal fidkls, 233 ; mineral 
spocimensfrom, 234 n. 

Dyaaater (Gr. dya imperlbct, and aaUr a star), 
an oolite fossil, 97. 

S 

KAhTH. physical Idstory of the, 1 ti teg.; its 
form, 2; itaauiliice,<5. ; scenoiyon tho aurikee, 
3 ; dlirerout climatas and varieties, t6.; its an- 
cient history, i5.; niateriids of which It is foun- 
ded, 5 i proportion of laud and sea, ib,: niaji 
of tho,6 ; its geographical luid geological features, 
19; skeleton of tlio, 20 ; continents of tho, 21 ; 
Its Interior heat, 27* 28 ; change of level of land, 
33, 34 ; a largo portion of its crust exposed to 
sudden changes, ib,; important changes on its 
snrfaco firom aqueous and Igneous action, 36, 
37 et aeq., 77 1 deposits o^ anliiiul origin* 41 ; 
oontinual changes on Sts snifiioe, 43, JO; mate- 
rials of its eniBt aftanged in definite enlor, opd 
in various laj'ers, 43, 63 ; theory of its iirst for- 
mation, 44 ; onicr in llic arrangement of its sur- 
fiico niiitcrials, 43 ; prlmscval stato of the, JO ; its 
azoic condition, 77: great changes that have 
affected its surfiice, 126 ; Its form and stme- 
tore, 142 ; ccnistltuent elements of the* 198. 

iTartbquskes, plo’slfial cbnncterlstks of; 31* 32 ; 
violent effects of, 32, 33^ 


Eastern Archipelago, Insect fonnariim of coral 
rocks in tho, 3. 

Egmont, Mount, volcanic cone of. In Now Zealand, 
179. 

Elba, Isle of. iron ore found In the, 270. 

Electrical theory of the formation of mineral veins, 
271 . 

Elements, the anbatances so called, 6; difficulty 
of undcrstondlng their properties, f5.; forces 
acting upon them, ib.g their action on the 
earth's surfiicc, 42, 43. 

Elephants, frozen in Siberia, 64 ; of the newer tcr- 
tisries, 124. 

Elk, groat Irihh, ibssUlzed, 93. 

EncriiiiUl stems (Gr. krinon a Illy), carbonife- 
rous fossils, 84. 

Encrinitea moniliformia (Or. ArWnon, and 
Lut. monile and forma neckUce-fiorm). red 
sandstone fosails, 92, 93. 

Engineering, application of geology to, 180, 196. 

Eoefine (Gr. eoa dawn, and kuinoa new), a term 
applied to Gio fbrii^sition of tho tertiary epocli 
116 note. ' 

Eryon arctiformia (Gr. eryo to dnw;’ Lat. 
arettta slender, und forma shape), an oolite 
fossil, 99. 101. 

Escan, hills so called, 151. 

Europe, physical geography of, 21, 22; its mild 
teinpcratuze, 26. 

Explosions, in cool mines, 241 ; plans for prevent- 
ing, 243, 211; effects of weather and season on, 
247. 

P 

Fatamorgfiiia, atmospheric iUoslon of the, 136, 

Faults In cool beds, 231-233. 

Felspar rock {Qex, fclapath a CfystalUzed mine- 
ral), 52. 

Fens, drainage of, 196; of Lincolnshire, 107. 

Ferns of the carboniferous period, 89. 

Fertility of soils, causes of, 193. 

Flue arts, application of geology to the, 131. 

lliigars (^ 0 , Staffo, basaltic formation of, 181 . 

Fire days, properties of, 214. 

Fire-damp in cool mines, 239,240 ; accidents fiom, 
241. 242; fatal effects of the. 250. 

Firestone of Mantel, 106. 

Fishes, cluBsificaiion of; 79 ; fossilized ly-sies of, 45.; 
tails of, 80; of tho palaeozoic period, 85; of the 
carboniferous period, b6 ; of the lias formation, 
93, 96; fossil remains of, in the chalk formation, 
108; of tho secondary period. Hi ; of tho ter- 
tiary period, 117 ; of the older tertl^s, 122. 

Flagstones, sUidous rock comldnod with argilla- 
ceous matter, 210, 211 ; various qualities of, 212. 

Flat veins in mining, 265. 

Foramiiiircrous sheila (l.at./oraiRSA an qpening 
or door), greensand fossils, 107* 

Foragrouud* an Important fSoatiiie la Isadfcspe, 

172 . 
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Forest of Dean, vast mineral fields of the, 262. 

-Forest marble, a variety of the oolite formation, 
71,98. 

Forest trees, the coal formation proiluced ftom, 
87-89. 

Forests, submerged, 71 : their immensity In S. 
America, 218. 

Form, advantage of accurate delineation of, 162. 

FOSSILS (Lat./o«s</i« dug out of the earth). 59; 
nature of, GO ; exist in all mineral conditions, 
ib.; fossilized organic remains, 61 ft teq.i use 
of. In geology and In classification. 65, G6 ; ex- 
press the language of nature, 6.1; the lower SI- 
lurlan fossils, 72 ; the upper Silurian, 74 ; va- 
rious groups of, 75, 81, K4. 93, 05. 90, 100, 101, 
103, 105, 107, 109, 118, 120; middle palirozoic, 
81 ; group of Devonian and old red a.iiidstonc, 
ih, \ of the carboniferous period. 82. 84 ; Per- 
mian fossils, 90; sandstone, 93; llosic, 95 ; 
oolitic series, 06. 97 ; middle oolite. 09 ; upper 
oolite, 100; Wealden serlcs^lOl ; lower grccit- 
sand scries, 1 02; Neocomiaii, 103 ; upper gTccii- 
saiid,' 104, 107 : lower and middle cretncoous 
fossils, 105; upper cretaceous scrios, 106, 109 ; 
of tho socoudaiy geological period, 108 ei 
cf tho lower tertiary period, 117, 118 ; of tho 
middle tertiary, 119 ; of tho tipper tertiary, 120 ; 
ofthenew tcrtlnrics, 121, 124, 125; of the older 
tertiaries, 123 (see UKOtoov and Koexs). 

Fringing reef of coral, 35. 

, 4fucl, mineral, geology of, 216 ; stores of, 217 i use 
of wood for, 217 et seg. ; peat used for, 219, 220 ; 
lignite used for, 220 ; use of coal for, 221. 

Fuller's earth, a variety of oolite clay, 71 » 97. 

Futullna cylindrica (Lat. fu»u» a spindle, 
and cylindruM a roller), a carboniferous Ibssll, 
84. 

a 

QalerUet altogalBruf (Lat. galern* a cap, 
and altua high), a cretaceous fossil, lOt. 

Ganges, Immense ^posits of the, 37« 

Ganoid fishes (Gr. ganoa splendour, and eidoa 
appearance), fbsslls of, 79, 80. 

Gases, oxygen and nitrogen, contribute to the for- 
mation of the atmosphere, 7 ; In coal mines, 
239, 240 ; accidents fbom, 241. 

Oanlt, the blue day formation, 104. 

Genius, Importance of truth In works of, 188, 180 

Geography (see Fhtsxcal OxoomArHT). 

GEOLOGY (Or. ge and logoa, a dlscouno on the 
earth or land), general introduction 'to, 1 et 
seq . ; embracee a wide range of knowledge, 1 ; 
its various departments, ib, ; on the actual oon- 
dition^ of the earth's sarfhee. 2 et eeq, ; its 
general DataTe,4: the source of great pleasure, 
ib,i materials of which the earth is formed, 6; 


incessant change of material objects,;; Islands 
and mountain chains, 22, 24; temperature of 
tho earth's Interior, 28 ; volcanoes and earth- 
quakes, 29-32 ; changes of level of land. 33 ; 
duration of geological epochs, 34 ; depression of 
land, 35; depoaits of aidiiial origin, 41 (roe 
Physical Geography) ; a science of obser- 
vation, 45, 46; definition of, 46; nature and 
structure of rocks, 47, 48 ; Igneous rocks, 49 ; 
granite, syonite, Ac., 49 ; porplij-rltlc rocks, 51 ; 
trachy tic and basaltic rocks, 52, 53 ; metainor- 
phic rocks, 54 ; gneiss, granite, and mica schist, 
55; diatrlhutloii of metamorphio rocks, 58; 
aqueous rocks, ib, ; fosslis, 59 ; shells, 60 ; dis- 
tribution of organic bdngi on the earth, 01; 
distribution in time, 62 et aeq, ; use of fossils in 
geological Investigation and in classification. 
65, 66 : law of distribution of organic beings, 
67: Bticcosslvo development of species, 69; 
classlflcatlon of the stratified rocks, 70 ; table of 
classification of rocks, 71 i terttaiy, secondary, 
and palaeozoic epochs, 71 ; lower Silurian rocks 
and fossils, 72 ; upper sllurlan fossils, 74 ; firs: 
state of the earth, 76 ; azoic coniliUoii of tho 
eortli, 77 ; state of the Silurian ocean. 78 ; Devo- 
nian or old red sandstone period, 79 ; stnictiiro 
and grouping of fishes, 80; middle palioozolc, 
fossils, 81 1 rocks and fossils of tho carboniferous 
period, 82; coal measures, 83; carboniforous 
fossils, 84 ; condition of tho carboniferous soa, 
85 : fishes and shells of tho corbonlfcniiis period, 
80; land and plants of the same inrio.!, 87; 
carboniferous yegotation, 88, 89 ; Peniilan rocks 
and fossils, 90 ; secondary epoch, new red sand- 
stone series, 91 ; snndstoiio fossils, 93 ; lias rocks, 
94 ; Hassle fossils, 95 ; oolitic series of rocks and 
fossils, 96-100 ; Wealden series, 101 ; lower 
groensond and Noocomion scries, 103 et aeq. ; 
cretaceous fossils and rocks, 105, 100 ; black- 
down or upper greensand fosslis, 107 ; general 
view of the secondary geological period, 108- 
115; upper crotacoous fossils, 109; tho tertiary 
period, 116; lower tertiary rocks and fossils, 
I17i 118 ; middle tertiary rocks and fossils, 119 ; 
upper tertiary rocks, 120, 121 ; newer tertiary 
rocks, 121 (see Fossils and Boexs) ; ootllna 
of tertiary series, 122; seas and land ot tlie 
older and now tertiaries, 122-125 ; tho general 
history of geology, 126-12S; of a practical cha- 
racter, 129; general considerations on, 130; Its 
application to the fine arts,' 131; Importance 
of a sclentiflo knowledge to tlie artist, 133 et 
aeq, ; foim and structure of the earth, 142; 
composition of rocks, 145; ammgement of 
rocks, 146 ; position of certain recks, 1 47 : moun- 
tain chains, ib, ; hill and plains, 148 ; alter- 
ation of rocks, 150; limestone monntalns, 152; 
tbclr hardness and composition, 153 ; carboni- 
ferous limestone, ib.; ooUUo limestone, 155; 
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cretaceooi Umeftooe, 156 i Umettouos of eon- 
tlnental Europe. 156-158; geotogloel age no 
guide to plctumqao oondiOoD, 158. 159; eorol 
llmeetone. 159, 160; grottooe and atalactltca, 
161; orTstalllno limestone. 162; oolour and 
▼efetatlon of limestone and sand rocka, 168 ; in- 
duration of Band. 167 ; quarts rock. 169 ; old 
red sandstono, 170; day rocks. 171-174; ar- 
gUlaceona acblsts. 175 ; ciystaUlae and Igneous 
rodi. 177 : vdc^oes. 177-180 ; Inuialt, 181 ; 
gnuiito. 182 ; gravel and boulders. 185 ; clisrac- 
teristlosoflillls. 186; weatlierlng of rooks. 187; 
vegetation of various rocks and soils, 188; trutlis 
of geology to bo studied In detail. 188. 189 ; 
agricultural geology. 191 ; ‘nature and origin 
of soils. 191; geological knowledge necessary 
to agriculturists. 192 ; alluvial soil. ib..\ fer- 
tility and composition of soils. 193; various 
kinds of soils, ib. ; derivation of soils from 
rocks. 191; mineral manures. ib,\ relation of 
geology to agriculture. 195 ; drainage of lauds. 
196 ; water contents of various reeks, 20U ; 
arte^n and Intcnulttont wells. 201 ; building 
materials. 204; saiidslonos used for building. 
206; oolite limestones. 207: llmcstunes and 
gnmites, 20S; omiunental stones, marble and 
alatnster, 209 ; seriK'iitIne, nialadiite,spar, slates, 
and flagstones. 210, 211 ; rood-making and road 
material. 212 ; rood stuff and plastic materials. 
213; brick and porcelain clays, cements, and 
artlflclol stone, i5.; brick clay.flro clays, and 
porcelain clays, 214 ; cements and mortars, ^6, ; 
plasters and artificial stones, 216 ; geology of 
mineral fuel, ib, ; stores of fuel, ib, ; peat and 
llgiilte, 220 ; dietrlbution of coal, 221 ; orlgui of 
coal, 223; varieties and ago of coal. 228. 230; 
coal-fields. 233; iron stones and pyrites, 235; 
explosive gases in coal'mlncs, 239 et teq, ; 
mining in stmtlflcd rooks and allnvia, 251 ; 
gold mining, and distrilnitlon of gold. 251 ei 
ieq, i milling in mliiGial veins, 263 et eeq, ; 
practical uses of, 286 (seo Mihihq). 

Oeordic lamp, for use in coal mines, 245. 

(leyseii spring, of Iceland. 29. 

Glaciers (Lat. glaeio to congeal;, mighty agents 
of ehoiigo on tlio oartli’s suifaco, 38 ; glacier ot 
the Khone, 39. 

Globe, land and water of U^o, 5. 6, 16. 17 : pri- 
miDval state of the, 76 ; important changes in its 
surface, 77- 

Olyptodou (Gr. ilypio to carve, and odontve 
tooth), of the tertiary ronnotion, 126. 

Gneiss rook (Ger. aueiee a cr^’staUIzod mlnernl). 
its constituent materiiils, 55; eubjeot to great 
ifluuiges, ib. 

Goof, the Impure gas In coal-mines. 241 . 

Gold ore, mining for. 257; geological distribu- 
tion of. 251 ; operations of washing, 252; work- 
ings of. InSibe^, CaUfomlA, and Australia, ib.\ 


mechanical proeesa of preparing. fS3; woMiitig. 
ib. ; amalgamation. ; Brazilian method cf 
gold-working, 253, 254 ; tools, crushen, &c., 
255; Californian methods of working, ib,; 
Clilllan method. 256. 

Gonlopagus rngjor (Gr. g9nia a oonoealod plaee. 
and pffffe the nates), a greensand fossil. 107. 

Granite (Fr. granit, or Lat. grantsmm. grain), 
veins in, 49 ; the material of many unstratifled 
igneous rocks. 50, 61; disintegrated. 50; soils 
derived from. 193; used fur bulkUng. 208; 
scenery and formation of. 182 ; weathering of. 
183; vegetation on. 184; variety of form, ib . ; 
mountains of, 185. 

Gravel, conveyance of, by ice, 39; ternary de- 
posits of. 71 ; composition of. 185. 

Grayiiess oftlie atmosphere, the eflbeta fdiysical 
phenomenon. 187.. 

Green porphyry, description of, 51. 

Greensand sconery. deserlption of, 165. 

Greensand scries (lower and upper), of the second- 
ary epoch, 71.,li92, 104; developed in various 
parts of England, 164. 

Greenstone rock. 51 . 

Grit, millstoiio, 83 ; scenery of, 168. 

UryphiBa arcuata (Or. gryps a griffin, Lat. 
urcuata arched), alias fossil, 94. 95. 

O, columba (Lat. columbu, a pigeon), a green- 
sand spccios, 107. 

(?. dilatata (Lat. dilaidta expanded), a middle 
oolite species, 98. 99. 

G. virgula (Lat. virgula a rod), an upper 
oolite species. 100. 

Gulf Stream, account of the. 16, 17. 

Gypsum, beds of. In the new rod sandstone, 02 ; 
in the raris deposlu, 117; used in making 
plaster, 216. 

H 

nacmatitic conglomerates found at tlio base of the 
new red sandstone, 262. 

llastingg sand, of the Wealden series, 71.101, 102. 

Iluswcll coal-mine accident. 242. 

neat ot tlic earth's Interior, S7, 28. 

Ucutou Alain Colliery, inundation In tlio, 248. 

JiemicosmUcs pyriformis (Ur. hemi and ca»- 
ntios hulf-oompleted; Lat. *'pyre sbaped"), a 
Silurian fossil. 73. 

llills, structural phenomena of, 148; clmraeter- 
istics of. 186. 

llippurllo (Gr. hippos a horse, and oura a tail), 
a cretaceous fosril, 106, 109. 

Ilolland, draining of tlie fen lands of, 1 96. 

Iloloptychus (Gr. hotos the whole, and ptyx a 
fold), a foesil fish, 85. 

Ilornblende rock, 52, 53. 

Hot springs, 28. , 

Botching, axplanaUonofthetenn in drassing lead 
ores, SS6. 
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USfilica (Gr. hyalot ’transpAront), a spedes of 
fossil. 120. 

II>iiC09aunis (Gr. hyfe wood, and tauroM a 
lizard), a ffi^antic fMlbeed rspillio oftho'W^al- 
den formation, 102. 

HypanthncrinUf^s dref>Tus (Or. hj/po^ n»- 
thot, and krinon, like a lily flowar; iJat. 
decorus graceful), a Silurian fossil, 75. 

1 

Fee, effects of. on the surface of tlio earth, 38 ; 
conveyance of gravel by, 39. 

Iccberg<i, number of. In the northern Atlantic, 39. 

Iceland, physical phenomena of, 3; hotsprliiga of, 
28. 20 ; volcanoes In, 30. 

IchthyodoniUte (Gr. ichthut a fish, doru a lanco, 
and lU?ias a stono), a Neocomlaii fossil, 103, 
104. 

Ichlliyosaunis (Gr. irhthna a Osh, and tauros a 
1iz:i( d) , account of the, 112. 

Idrla, quicksilver mines of, 270. 

Igiiuuiuli)ii,aii extinct gbcantlMlzard of the NVcal- 
den formation, 101, 102; fossil teeth of the. 101. 

Igneous rocks (Lat. ignis Ore), consisting of gra- 
nite, syenite, porphyry, greenstone, serpentine, 
qiiiirtz, &c., 49. 

Igneous theory of the formation ofminonil velus, 

sri. 

Imitation in l.in.l'icai^ painting to be strictly 
accurate, 190. 

India, tertiary d^'poslts of, 119. 

Infusorial .aniinalcMlCH (Lat. infnsus Inftasod, and 
animnlcuin a little Insect), contribute to change 
the plivMcnl features of the globe, 4*2. ^ 

Ireland, carbonif^-roiis limestone rocks of, 1.1.1. 

Iron ores, itbiiinlnncc of, in Kngland and Wales, 
200-2d2; principal localities where found, fVi. 

Irosistone contained in coal, 235. 

Tron$tono.>>of the lias formation, 262 ; In the Clyde 
district, 203. 

Islands, physical geography of, 22, 23 ; forms of, 
23. 

Isle of Wight, deposits of the, 71 « 117 ; needle 
rocks of the, 14.1. 

J 

Jarrow coal-mine ncd<lcnt, 242. 

Jigging iiiacliinc, used for the preparation of ores, 
257. 

Jointed structure of slate rock, 57. 

Jonillo, in licNico. volcanic eruption of tlio, 31 . 

Joras*^**: «>crios, {vw Oolitic series). 

K 

Kiiiulal Siclg, Switzerland, view of, 129, 146. 

Keene’s cement, description of, 216. 

Kcllowf^' rock, a subdivision of the middle oolitic 

scries, 98. 

Kent’s Leave, near Torquay, view of, 146. 


KilUngwortn coal-mine accident, 241 . 

Klmmeiii^o clay, the local name given to nsab* 
division of (ho oolite rocks, 100. 

Knowledge, useful to the arts of llfo, 183. 

Ronigstcin, mountain of, 167. 

Koula, volcano of, in Asia Minor, 181 

L 

Labyrlnth8don(Or. tahyfinthos alabyrlilth.and 
o(/r>»rcjiteoth), fossil remains of various species, 
02, 03. 108. 

Lagoon islands, fiwmed of coral rocks, 35. 

Lakes and inland seas, physical goagra]Miy of, 19. 

Lancashire, iiiinernl flclds of, 262. 

L.iii('a.Htcr sands, view of, 16.3. 

Land, proportion of, on the earth. .1; distribution 
and form of, 19 ; form of, on the earth’s surface, 
20 ; cundilion of, in Kiiropc, 21 ; change, of level 
ot,;i3 ; elevation of largo tracts of, :)3, 31 ; ovl- 
tlcnccs of depression of, 3.1, 36 ; great changes 
of, at the c.ar1)onireroiiH period, 8S ; nnimnls ex- 
isting on It during the secondary period. 113 et 
at./.; of the older tertiatics, 122; of the newer 
iorilaricH, 121 ; drainage of, 196. 

Latid.sca;te, foreground an Important feat urn lii, 172. 

].and<cuiH) painting, clIfTk and rocks accessary to, 
Km : imitation to be strictly aceiimtc. 190. 

Landscape scenery, physiognomy of, 148, 149, 
.alteration of rocks ns all'ccliiig, 110, 1.1!. (sco 
SCKNKHY). 

Ijangiicdoc, view of the plains of, 149. 

l.nva, of volcanoes, 31 ; cf volcanic rocks, 177. 

Lend ore, process of dressing, 2H.1 ; in the great 
niinc.s of Allcnheads, 285n ; vast quantity raised. 

es6. 

Lchm deposits of the Hhinc valley, 121 . 

Lcpid(Nlent1ron (Gr. Irpis a scale, and dendron a 
tree), of tijc carboniferous period, 88; (ho geo- 
logical coal pl.int, 224. 

Leptnnia lcpi.s (Gr. Icptos minute, and lopis a 
scale), fossil of the, 81. 

Level of land, physical change of, 33, 34. 

Llas'Gcr. layers), the argillaceous bads of the 
oolite nuigc, 91 ; the lower lias shale, iU, 

Llassic nnimnls, rcstomtlon of. 111. 

Llasslc series of the secondary epoch, 71, 24; 
nunicruus ^•►sils <if the, 91, 9.1, 96, 

Liriiiig, operations of, in minCl!, 284. 

I.l- 4 hl, iwtiirc and use of, 134; neflcvloti, mrac- 
llon, nnd absorption of, 1 3.1 ; jdienomniia of (he 
diirn>ion of, 13.1; natural and artlftcbd, 137; 
e fleets of, on roclca. 187. 

Lignite iiep»»slrs f Lat. /ignwm wood), In the Upper 
grccn'»«nd, 106, 121 ; used asfhbl, 280. 

Ll'ieiwtelii, mountain of. 16/. 

Liuioat'Uie, earbonlfbrons, 1.13; a vast stratum of, 
in ^•^^thI;lnberla^ld, 28 jm; tertiary deposits of, 
t in Sicily, 7 1 . 1 21 ; deposits of, at (Knlngen, l2l ; 

! mountains of, on tlie coast of Arcadia, *152. 
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lAmestone rocks, 74; fossils of tlio, 82, 83 ; hard- 
ness, form, and colour of, 153 oolitic, 165 
carbonlforous and cretaceous, 156 ; of continental 
Europe, 166-158. 

Limestone Boonory, characteristics of, 151, 154 ei 

Limestones, recent, of coral Islands, 160; crystal- 
line, 162; colour and vegetation of, ib , ; used 
for building, 207, 208. 

LimUlui roiundut (Lat. limulua askew, and 
rotundua round), a carboniferous fossil, 84. 

lincolnshlro, drainage of the fons of, l!)(i. 197. 

Lingula Lotoiaii (Lat. lingula a little tongue), 
a Silurian fossil, 76. 

Uthographlo llnicstones of Bavaria, 71, 101. 

Lituitea cornu arietia (Lat. liiuua a curved 
trumpet, and Lat. **a rain's horn'*), a Silurian 
fossil, 73. 

Llanbcrris slate quarries, 211. 

Loclilovcu, aurora borealis at, 138. 

Lodes, description of, 278; direction- and magni- 
tude of, in mineral beds, 266 ; various methods 
adopted for the dlscoveiy of, 273, 274. 

Loose deposits of tlie Kbino valley, 71, 121. 

London clay, 7L 117- 

Lord's dues on mining operations, 276. 

Ludlow group of rocks, 74. 

Lurloi, on the llhino, view of the, 176 

X 

Xochlncs used in tlio preparation of ores, 257, 
258. 

Hoclgno rocks of Italian geologists, 108, 

Magnetic currents (Lat. magnea the loadstone), 
44. 

Maladiite (Gr. malaehe mountain green), used 
for decorative building, 210. 

Manures, mineral, 191. 

Marble rocks, 162. 

Marbles, the various kinds of, 209. 

Marine currents, phenomena of, 15; tlioir course 
in the Atlantic, 16. 

Marl deposits of (Enlngen, 121. 

Marlstone, a variety of tlio lias deposit. 71, 06. 

Marsupial, gigantic, fossils of the, found in Aus- 
traUa, 125. 

Martin's cement, 216. 

Massachusetb, erratic boulderB in, 121. 

Mastodon (Or. tnaaioa the breast, and odoua a 
tooth), of the Older tortlaiies, 123. 

Matter, incessant changes of, 7* 

MegallchthysCGr megaloa great, and ichthuao, 
flsh), of the oorbonlferouB sea, H5. 

Megalosaurus (Gr. megaloa, and aauroa a lizani), 
a gigantic fossUized reptile of the Weoldcn ((»r- 
matlon, 102. * 

Megatherium (Gr. megaa gnat, and tAarion a 
beast), of the newer tertlailes* 125. 


Mendip hills, limestone rocks of,- 

Meso-zoic (Gr. meaoa middle, and oooa hA), 
117n. 

Metals, distribution of, 267. 

Metamoxphlcrock (Or. met a diangc, and morphe 
form), 47, 54; two kinds of, 57; distribution, ago, 
and position of, 58. 

Mica schist (Lat. mieoto glitter, audGr. aehiatoa 
friable), rooks of, 55, 56. 

Millstone grit, of the carboniferons series, 71, S3; 
localities where found, 168. 

Mine, meaning of tho word in Brufl, 253fi. 

Mineral fuel, geology of, 216. 

HInoral manures, 194. 

Mineral veins, geology of mining in, 263; tilling 
of, and Intersecting, 267; of tho nature of fis- 
sures, 268; aqueous, theory of, 26'*; theory of 
sublimation of, 260. 270; where found, and the 
various methods adopted for the discovery of, 
272 et aeq. ; absence of any universal method. 
272. 

Mineralization of cpal, 226. 

Minerals, tend to assume definite forms, 44. 

MIKES and MIKIKG, application of geology to. 
130; boring and sinking for coal, 236; shafi 
sinking, 237; stopping out water, t'5.; various 
plana of working, 238; noxious gases, 239; 
fire-damp, 240; vcmilatloii,240, 212; accidents, 
242, 247, 248; expedients to avoid them, 24.3 
tho Davy lamp, 245 ; necessity of legislation in 
coal-mlniiig, 250 (see Coal); mining in strati- 
fied rocks and alluvia, 250; mining for goM, 
251 ct aeq, (see Gold); various implement- 
used in mining, 257, 258; tin streaming, 259 , 
diamond washing, t5.; account of iron ores 
260; tho most important localltios for, in £iig- 
Lind and Wales, 260-262; treatment of ore>. 
263; salt works, ib,\ geology of, in ininerai 
veins, ib.; rake veins, l'G-1; pljicvL-ins and flni 
veins, 265; direction and magnitude of lodes, 
266; filling of veins, 267; intersecting veins. 
ib,; distribution of metals, t5.; gossans, 268 ; 
difibrent theories respecting mineral veins, 269- 
272 ; nietliods adopted for the discovery of mlnera 1 
veins, 272; coiteanliig, 273 ; shodliig, t5. ; oper- 
ations of, 275; lord's dues, ib,; tut-work, 276; 
operations in, 278; drifts and winzes, ib,; 
shafts, i5.; adit level, 279; setting pitches, f5.; 
dressing the ore, 281 ; underground work, 282; 
miner's wages, 283; drainage, ib,; lifting and 
blasting, 284; great depths of mlncslnComwa:!. 
ib,; ticketing days, 285; load-ore dressing, ib.; 
practical nses of geology in mining, 286 et aeq. 
(see GioiooT). 

Miocene (Or. meion less, and bainoa new), a 
term applied to the middle fbimatlon pfthe tor- 
tloiy epoch, 116fi. 

Mirage, atmospheric illusion of the, 135, 136. 
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^Hsslsslppi, Its vast niag^ultude, 18. 

Missouri, Its great extent, 18. 

Molasso of Switzerland, a deposit of tho middle 
tertiary period, 71. 117, 119. 

Monte Nuovo, in Xaplcs, formed by a volcanic 
eruption, 31. 

Moiito Rossi, formed by tho volcanic eruption of 
Etna, 31. 

.Mountain chains, physical geography of, 24, 2.*!; 
table-lands, plains, and valleys of, 25; geological 
system of, M/. 

Mountains, diflTerent forma of, 21; physical cha- 
racteristics of, 2r>; orLilionstoinandKoulgsteln, 
167; of granite, 185; characteristics of, 186. 

.^liid, Bubtcrnincan cniptiona of, 29; tertiary de- 
posits of, in c.'ivcrus, 71. 

.Mueseler lanij), fur use In coal mines, 245. 

.Muschclkalk (Ccr. **8hcll-llmoatono*’), Its geolo- 
gical formation, 71. 91. 

Mylbdon '((Ir. mytns a grinder, and odontea 
teeth), of the tertiary formation, 125. 

Myophor^a (<ir. myot a inllScle, and phero to 
bear), a red siiiidstone fossil, 92. 

M. linettitt (Gr. rnyoa, and |)Acro to boar), a 
red sandstone species, 93. 

N 

Natural history, on tho gcncr.il study of, 131 . 

N'atural science^, advantngo of tho study of tho, 5. 

<Cfature, on the study of, 42 cf nrq,; the language 
of, expressed by fossils, 65 ; tlio study of, os it 
exists, 66. 

.Vauf i7us Danicua (Lat. nnuta a sailor, and 
Danieua of Denmark), a cretaceous fossil, 106, 
109. 

V. KonincJx'ii, a cnrboiiltbrous species, 84. 

Xeedlcs, Isle of Wight, 23, 24, 145, 157. 

.Veocomiaii deposits (Lai. J^eocomum), of tho 
secondary epoch, 71 > 102; fossils of the, 103, 
104. 

.Vereffes Cambrenaia (Qcr.nerUa ashell-fish), 
ibssll of the palaeozoic epoch, 72. 

Kcwcastlo method of working coal, 238. 

Nile, its fertilizing soil and constituent elements, 
193. 

Nimbus clouds, 141. 

Northern hemisphero, physical phenomena of the, 
3. 

Xorthamberlond, vast mineral fields of, 261. 

Norway, geological elevations of the coast of, 35 

Nottingham castle, scenery of, 165; caverns at, 
166. 

NummuUtcs (Lat. nMmmtit money, and lithoa a 
stone), a lower tertiary fossil, 71f U/* HB 

0 

« lU, the ilver« its oouzie* 10. 


Ocean, Silurian, priimevul state of tho, 78; physi- 
cal distribution of Its waters, 13; Its various 
divisions, 14; the Pacific, tho Atlantic, ondtlio 
Indian oceans, ib, ; its general depth, ib. 

lEningcii, marl and limestone doixislts of, 121. 

Oolitic scries (Or. oon. an egg, and tithoa a stono), 
ortho socoiuliury epoch, 96 ft arq. ; upper, mid- 
dle. and lower, 97; groups of fossils, 97-100. 

Oolftic limestone rocks of England, 1.55, 156. 

Opossum, oolite fossil Jaw of tho, 97. 

Ophlolite rock (Or. opMa a suriHMit), 52. 

Ore, various implements usiul for crnslilug, silling, 
&c., 257, 2.‘iS; prcparutiuii and treatment of, 
263; tho dill'crciit veins of, 263*267; direction 
and niagiiitiido of lodes, 266; various methods 
ndo]>tcd for discovering the presence of, 272 et 
arq. ; dressing tho, 2b 1 ; ticketing days for tho 
sale of, 285 ; process of dressing lend ore, ib. 

Organic licings, fossilizatiun of, 60 ; geological dis- 
tribution of, 61, 67. 

Orthls rustica (Or. orthoa straight), a Siliirlim 
fossil. 75. 

Ortlioccrilllto (Gr. orthoa straight, and kcraa a 
horn), a carboniferous fossil, 84. 

Oatrea Marahii (Gv. oaireon a shbU), a middle 
oolite fossil, 08, 99. 

fHodita obliqitua (Gr. otoa of tho car, and 
odoua a Lat. obliguua ohllriuo), a ter- 
tiary I'osHil, 1 18. 

Oxfoitl clay, a variety of tho middle oolite series, 
71, 98. 

Oxj^gcn(Gr. osrysacld, andgennaoto engender). 
Its universal presence In naturOy 7» 

P 

Pointing, art of, dcpciiddnt on sclontiflc know- 
ledge, 133. 

rnlofothcrium {Gr.palaioa ancient, and therion 
a wild beast), an cxlhict genus of tlie older tcr- 
tiarles, 123. 

Palaeozoic epoch in geology (Gr. pnlaioa, and 
»ooa llfb), (lifTcrcnt formaUous and fossils of the, 
71, 72, 81 ; recapitulatory remarks on the, 90. 

Palmer's C.Him, Ludlow, view of, 157, 159. 

Palmyra, view of Uio ruins of, 143. 

Paradosidca apinuloaua (Gr. paradosia mar- 
vellousness; Lat. apinokua thorny), fossil of 
tho palaeozoic cpocli, 72. 

Parhelia, phenomena of, 139, J40. 

Parian cement, 216. 

Paris basin, deposits of th<^ 71* 117* 

Parker's cement, 21 5. 

PamosBUB, Mount, spring of wafer on, 159. 

Parrot, a coarser variety of cannel coal, 228. 

Peak of Derbyshire, its mountain loonciy, 154. 

Peat used as fhel, 219, 229. 

Peat-bogs, strata of, 71 • 

Peettn (Lat. pecten a comb), allae fbHll, 9o* 96« 
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P, quadricoMtatut (Lat. ** aiV>ur-ribbedcoiub”)« 
aKoocoinionfossi], 103, 104. 

Pearhyn Hlate quarry, 211. 

PentncrinuM (Gr punte five, and A'naoii alily), 
a lias Ibssil, 96. 

P , faxeiculOans- (Gr. pente flro. and krinon a 
lUy; Lat./a«ct6‘M/Uf a bundle), atuaiil uf lUo 
secondary period, 110, 111. 

Pentam&ru* Knightii {(at. petite and mcroa 
divided into five parts), a Silurian fossil, 75. 

Pepandayang, a mountain in Java swallowed up 
by a> volcano, 31. 

Porch, fossil, 10. 

Poimlaii8oi*ics<so called A-om the ariciont kingdom 
of Pena in Kussia), rocks and lua>«Us of the, 90. 

Pcrsiiectlve, aerial, 141. 

Petrifactions, a name formerly given to fossils, 60. 

Petworth marble, 102. 

Philosophy (Gr. phi/oe and aophoa tlio love of 
wisdom), province and objects of, 5. 

Phoroi canaliculdiua (Gr. phoroa bearing; 
Lat. cannlir.alatua cliamiclled), a crctaocous 
(bssU, 109; 

Phyea columndrie (Gr. phyaa a bladder, and 
eolumnaria pillar-shaped), a lower turtiary 
fo^^ll, 117i 11»- 

PHYSrC.iL GEOGRAPHY (Gr. phyaikoa na- 
tural ; ge and gray he a description of the oarth 
or of land), gonoml treatise on, 2 et aeq, ; con- 
dition of the earth's surface, 2, 3 ; the various 
Buhjocts It embraces, 4; its connexion witli ge- 
ology, ib,\ distribution of land, .'i; materials of 
which the earth is formed, ib. ; elementary sub- 
stances, ami the forces acting on them, 6; map 
of the world, ib, ; Incessant cliniigo of material 
oblects, 7; eoustUuiIon of the ainiosplioro, 8; 
uses of the atmosphere, 9 ; and the diongos uf 
its oomlition, lU; periodic winds, 11; riUn luid 
snow, 12; disUibutloii of water, 13; the ooean 
and its divisions, 1 4; tides and wares, ift ; marine 
onniQiita, 16; circulation of water on the globe, 
17; doiuli and rain, id,; rivers and river. ays- 
tema, 18; lobes and Inland sons, 11); distribution 
and form of land, 1 5. ; continents, 21 ; hltutds, 
22, 23; action of olraud wator-on oxposod coasts, 
24; oliulns, t5.; table* lauds,, pluius, 

Olid valleys. 2fi; conditions of oUmatn, and.mau- 
enco oil civilization, 27.; Interior heat of tlio 
earth, 27, 28; hot spiJngs, 28; volcanoes, 29;. 
earthquakes, 31, 3:^; changes of. level laud, 33; 
long duration of geological ogodif ,.34 ; depres- 
sion of land, 35; coral rocks, ib.; aqueous ac- 
tion, 37; Blaoieraond icobertts, 38, 39; action of 
the ses, 40;. organic Induenoe, 41; recapitula- 
tion of tlie wlijoot, 42r4i (see Gkoloov.) 

Plcturosqueiioss, gcoloc^col age no guide to,. 158, 
159. 

Pipe veins iu mining, 265 


risnlitic iron ores (piaon apoa,and tithoa a stone), 
found in N. Wales, 262. 

Pitdics, setting, in mines, 279, 280. 

Placoiil ti>h (Gr. p/aae a bioad plate, and eidoa 
rosuinblanco), a fossil, 79. 80. 

Pbmiostrtnia (Gr. oblique, and sCoimt a 

inoutli), a cretaceous fossil, 105, 109. 

PUiiiis, on the summits of mountains, 25; charac- 
teristic scenery of, 148; peculiarities of clay 
varied in, 173. 

Plants of the socondary epoch, 92, 110. 

Plastor of Ptu'is, Its composition and use, 216. 

Plastic materials, 213 et avq. 

Platc-uix of mountains (Fr. plateau a plain), 25. 

ricsiosauriis, the. 111, 112, 113. 

Plvaioaaurua dolichodeirna (Gr. phaios near 
to. aiifl saurn allzard; dofic/^oa lung, .'ind deire 
a ncuk), restored form of tUo. O:*, 96. 

Plruroiomariti Santonenaia (Gr. plruron the 
Kide, and temno to cut), a cretaceous fos&U,109. 

Pliocene ^Gr. pltien more, and kninoa new), a 
term ap{diod to thGkttppor formation of the ter- 
tiary epoch, 116 note. 

Plioaounis, the. 113. 

Plunger, tho name of the pump used in mining, 
284. 

Pollstena, ciTccU of an earthquake at, 32. 

Polyp (Gr. pftty and podca many feet), corai 
islands built )iy the, 41. 

( Porcelain clay, geology of, 213, 214. 

Porphy'ry {Or, porphyra purple colour), natniw 
of, 48. 

Porphyritlc rocks, 51. 

Portland coment, made from carbonate of lime, 215. 

Portland limestones, a variety of tho uolilo series, 
71, 100. 

Portland stone used for buUdiug, 207, 208. 

Product ua horrtdna (Lat. **a horrible produc- 
tUni”), a Permian lossil, 90. 

Protogine form of rock (Gr. protoa first, and 
gennno to generate), 50. 

Pterichihya fossils (Or. pteryx a wing, and 
eidoa resemblance), group of, 80, 81. 

P. rornntua (Gr. ptcryg and ichthus a winged 
fish; Lat. cornutua liomed)» a Devonian fossd, 
81. 

Pterodactyl (Gr. pteron a wing, and dactyloa a 
finger), a gigantic fossilized reptile of the Wealdeii 
formation, 102; representation of the, 114. 

PteropOda (Gr. pteroa winged, and podea feet), 
family of the, 119. 

Pumps used In mlnei^ 283, 234. 

Porbeck beds of the Wealden series, 71* 101* 102. 

Pyrites contained In coal, 235. 

R 

Quadersaudstein deposits, 106. « 

Quadrupeds, of the tertiary epoch, 117, 119; of the 
older and newer terthudes, 123, 121. 



INDEX. 


567 


Qiiartz-rock, formation and icenozj' of, 169. 
Qoickallver mines of Idxin. 270. 

B 

Bain, phenomena of, 12, 17; Ibnoattoii of, 17; 

average fall of, 199; disirllMition of, 203. 
Bain-clonds, l4l; contents of the, 198. 
Bnin-drops, fossilized, 61. 

Bake veins in minln:;, 264. 

Bed marl of England, 193. 

Bed-sandstone, great variety of, 170, 171. 
Bed-sandstono period of the earth's surface, 70; 
fossilB of the, 81 ; secondary epoch of the, 91-93; 
its fossil plants and animals, 92, 94. 

Beefs of coral, formation of, 35. 

Bcflexioii of light. 134. 135. 

Bcfraction of light, 134, 1.35. 

Begur. the (x)tton soil of India, deposits of the, 
121; its fertilizing proiiertles and constituent 
elements, 193. 

Iteptllcs of the lias formation, 95, 06; of the ter- 
tiary period, 117. •• 

Ithombus (Or. rhombo$ a four-sided liguro), a 
fossil of the lower tertlories, 117* llt^> 

Bhone, glacier of the, .19. 

Blvers, origin and course of, 17; phenomena and 
systems of, 18; the great rivers and river sys- 
tems of America, Europe, Africa, and Asia, ib,\ 
rapids and fulls of, 25 ; liumense deposits of, 37, 
38. 

Uoad-maklng and materials, geology of. 212, 213. 

BOCKS, the deflnito forms of, 41; nature of, 47; 
their form and method of aggregation, 47; the 
aqueous, tlie igivous, and the metamorphic, id. ; 
their diflfcrrnt irnincs,— porphyry, conglomerates, 
am}*gdaloid, &c., 48 ; their structure, id. ; posi- 
tion of uiistrntiflod rocks, i5.; igneous, rocks, 49 ; 
granite, 49-.'il ; porphyry, 51 ; greenstone, id. ; 
serpentine, 52; diallage rock, id,; tracbytic 
rooks, id.; Ixtssltlc, 53; metamorphic, 54; 
gneiss, and mica schist, 55, 56; clay slate, 56; 
cleavage and jointed structure, 57 ; distribution 
of metamorphic rocks, 58; aqueous rooktk id. ; 
arrangement of aqueous rocks, 59; fossils exist- 
ing In, 59, 60; general distribution of fossils, 
61 ef seq.; clossidcatlon of stratified rocks* .70, 
71 ; Silurian rocks and fossils, 72, 74; of the 
carboniferous jieriod, 82; lias rocks, 94; oolitic 
series of, 96 ri svq, ; Wealden series of, 101 ; 
lower greensand series of, 102 ; upper cretaceous 
series of, 106 ; gouerai review of the secondary 
period of, 109 et srg. ; of the lower tertiary pe- 
riod, 117; of tho middle tertiary peAod, 119 ; 
upper tertiary rocks, 120; newer tertiary, 121; 
sandy deposits, id-.; orra^ blocks in Uassachtt- 
settsf ffi. ; form of the earth derived ftom the 
great mass of uuderiyiag racks, 142 ; the Needle 
rocks, Isle of Wight, 145; sited composUtea 


of, t5.: arrangement of. 140; poslilou of, 147; 
mountain chains of. i5.; alterations of, 150; 
limestone rock, 152-162; peculiarltlea of sand 
rocks, 163; erosion of sand rocks, 165; the U- 
liensteln and tho Konig^tcln, 167; of ditthroiit 
parts of Europe, ib.; hanl sands of tho carbo- 
niferous rocks, 168; quartzruck, 169; redsaud- 
stone, 174; nature of cluy rocks, 171 ; cloys oi 
tho Bcoondary rocks, U3; slates as varieties 
of clii,v rocks, 1/4; argillaceous schists, 175; 
crystalliuu and igneous rock, 177; voLoonio 
rocks, lava, and basalt, t5.; basalt, 181; granite 
rock, 182; weathering of granite, ]S3; vegeta- 
tion of granite, 185; gravel and boulders, id . ; 
characteristics of hills. 186; action of water and 
efToets oflighton, 187; weathering of rocks, ifi.; 
derivation of soils from, 104; water cniitcnts of 
various rocks, 200; materials and hnllctlng stones 
of, 201; smidstom‘s206; oolitic limestones, 207; 
gmiiltos, 208, 209; marbles, slates, &c., 209 
ct »!'((,; stratified, mining In, 251; stratlflod, 
mineral veins of, 269. 2/0. 

Boo* -tone, the provincial name for oolite, 96. 

Bomaii cement, 215. 

BudlstcB* fossil family of the. 106. 


B 

Safety lamp (see Davy Lamp). 

Salmon, (bssU remains of Uie, 80 

Salt mines, iiotlco of, 263. 

Sand, deposits of, 121 ; huluratlon of* 167* 168; 
contains water in largo quantities* 200. 

Sand rock* peculiarities of, 163*. 168; erosion of 
165; passes Into qiiartzlto, 169. 

Sand soils, various kinds of, lU*!. 

Sands of Tiondoii and Hampshire* 71* 117; asso- 
ciated with clltrs, 163, 164; soft and moderately 
hard, 161; of tho Saxon Switeeriaiid* 166; of 
the carboniferous rocks, 108. 

Sandstone, rod, fossil Impressions in tlu), 61 ; fos- 
sils oftlie, 81 ; great variety oC 170, 171 ; uMd 
for building. 206 (see Kso Savxistove). 

Sandstone rocks, waterfalls alx^uiid In , 17J • 

Sandstone scenery of Nottingham ciutlc, 165. 

Sanilstono series of tho secondary epocii, 102. 

Saxon Switterland, geological features of* 106. 

Scaglla rocks of Italian geologists* 108. 

Scandinavia* inountains of, 24. 

Scenery, dlffereiit kinds of, oaioclatcU with pkyf 
sical or geological causes, 142 ti rey. ; contrssls 
of, 143; of ^^ria, f5.; of Switzertend, 144; 
peculiar features of landscape scenery, 148, 1 49 ; 
resulting from rocks and limestone formations, 
150, 151, 154 ef Mtq, 

Schist (Or. teditiot frisbte), rocks of* 55, 56* 

Sctence, the province and ohlects of, 5; d^nA^ 
ence of art on, 132. 
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ScienocR, gooloiry accesMiry to the, 130. 

Scutella 8ubrotunda (Lot. acutella a dish or 
little shield, and anbrotunila rounded beneath), 
tertiary fossils, 120. 

Sea, proportion of, on the earth, A; physical ac- 
tion of the, 40; condition of (he carboniferous 
sea during tho paUsozoic epoch. Ho; shells and 
flshes of the, 8(1; of the secondary period, 112 
et teq.‘, of the older tertiaries, 122; of the newer 
tertlarlcs, 124. 

Se.\ urchin, an oolitic fossil, 9/. 

Scams of coal recognised at the earth *s surface, 
235, 236. 

Seas, inland, physical geography of, 19. 

Secondary ciMicIi lii geology, diirorcntibnnations of 
tho, 71 . 91-108; gonoral view of the, 108-1 IG. 

Secondary rocks, clays of tho, 1/3. 

Serpriilino rock, 52; a material used for decorative 
building, 210. 

.Setting pitches iu mines, 2/9, 280 

Shaft-sinking for coal, 237. 

Shaits In mines, 278. 

.^'.ude rocks, 74. 

Sham doors in coal inliios, 244. 

Shatikllii Chino, Isle of IVight, rocks of, 167 ; 
waterfall of, 171. 

Sharks, fossil, 86, 79, 80 ; fossil tcctli of, 119, 120. 

Shell doors la coal mines, 244. 

Shell marls, tertiary deposits of, 71* 

Shells buried in miul under water, 60 ; of the car- 
boniferous period, 86 ; various groups of fossils, 
81,84,93, 95. 99, 100, 101, 103. 105, 107, 109, 
118, 120; bivalve and univalvo fossils, 92; of 
the llussic scries, 94. 

wShoding, tho method adopted for discovering a 
mineral lode, 273, 274. 

Shropshire, vast mlnorol flolda of. 260. 

Siberia, steppes of, 25; frozen bones of tropical 
anlnials louiid In, 64. 

Sldly, Bubterranoon eruptions in, 29 ; limestone 
dc]K>8UB of, 71 1 121 ; atmospheric illusion on the 
coast of, 136. 

Siglllarla (Lat. tiff ilium a seal), a fossil tree of 
tho carboniferous period, 89 ; the geological coal 
plant, 22.3. 

Silica sand, Us universal dlthislon over the ciirtb, 
1G3. 

Slllcious soils, 193. 

Silurian fossils, 72, 73. 75, 77. 

sllarian ocean, primaeval state of the, 7S. 

Silurian rocks, lower! 72 ; upper, 74. 

Silurian trllobite, ancient species of tho, 69. 

.Slphonla pyiiform (Or. aiphon a tnbe, and Lat 
ppri/ormia pyro-shaped), greensand lossU of 
the, 167. 

skeleton, adaptation In cverj' part of tlic, 64. 

Sklddaw, a slate mountain, view of, 174, 175. 

Slabs, arglllaoGous rocks in a state of partial 
orystallbJition, 210, 211. 


Slate, a mctamozplilc rock, 56 ; cleavage of, 57 ; a 
variety of clay rock, 174; a mineral identical 
with clay, Its peculiar characteristics, 1 5.; 
geological dates of, 174, 175; argillaceous rock 
in a state of partial CD'Stallizatioii, 210, 211. 
Slate quarries of Great Ilrltain, 211. 

Slate scenery, peculiarities of, 176. 

Snow, phenomena of, 12. 

Solis, nature and origin of, 191 ; iiiflacnce of clim.ito 
on, ib.i alluvial, 192; fertility and coniposlUon 
of, 193,194. 

Spars used for ornamental vases, 6cc., 210. 
Spatanffua cor-angulnum (Gr. apntangoa a 
se;i-urchlii ; Lat. cor the heart, and anguinum 
narrow), a cretaceous fossil, 105. 

SiHMSles, successive development of, U) geology, 
69. 

Spccton clay, on tho Yorkshire coast, &c., 164. 
Spheerulitca veniriebaa {Gr.sphaira u sphere, 
and lithoa a stone; Lat. vvntricoaa big- 
bcllicd), a Neocoiniaii fossil, 103. 101. 
Sphenophyllum defUatum (Gr. aphen ii w'cdge, 
and phyllum a leaf; Lat. dentatum tootb- 
lurmed), a fossil of the carbonilcrous series, 83. 
Spirifvr (Lut. apiro to breathe, and fero to 
bear), a Hassle fossil, 96. 

N. /r alcoiit a species of Hassle fossil, 95. 

S, hyalericua (Gr. hyatcra the womb), a fossil 
of tlic carbonilbrous period, 84. 

Splint coal, a coarser variety of cannel coal, 228 
el n. 

Splitiliig tbo air, a process for ventilating coal 
mines, 243. 

Spring of water on Ulouut Parnassus, 159. 

Springs, phcuoiucna of, 17; hot, tt; intermittent, 

201 . 

Staffbrdsliire, vast mineral Adds of, 260, 261. 
Btam])hig mills used in mining, 25/. 

Star-fishos, fossil icmalns of, 92. 

Steam cool, 229. 

Stelliapongia (Lat. aiella a star, and apongia 
a BiK>nge), a snndstono fossil, 92. 

N. varinbilia, a species of sandstone fossil, 93. 
SUgmaria (Lat. atignia a work), tho geological 
coal plant, 224. 

5 Ficoidea (Lat. ^eua a fig, and Gr. eidoa 
roseinblanco), fossil spcdcs of the carboniferous 
scries, 83. 

Stlper stones, in Shropshire, 169, 170. 

Stones, ortiAdal, 213, 216; for building, 204, 205; 

Brard's method of testing, 205. 

Stonesflcld date, a variety of tho ooUto formation, 
71. 97. 

Stoppings, for preventing eaqploslons in coal mines, 
244. 

Stranded rocks, dasslflcatlon of, 70; table of. 71 
mining In, 251. < 

StructuTC, importance of studying, 151, 

I Sub-Appcniilno beds, 71 1 1 17. 
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StibUmatloii. theory of. In the production of mineral 
vdna. 269. 2/0. 

Sussex marble, 102. 

Switzerland, phj'slcal phenomena of, 3; scenery 
of, 143. 

Syenite rock ((tom Syene, a city of Egypt), 50. 

T 

Table-lands ofmountuini, 25. 

Xchornozein, fertilizing soil of the, and Its consti- 
tuent elements, 193. 

Tchornozem deposits of the Caspian Sea, 121. 

Teeth of the shark, fos8ili/.cd, 12). 

Tdeosaurus (Or. teleio* i^crlbct, and tauron a 
lizard), 112. 

'I'emperature of different countries, 26; of the 
earth's interior, 2S. 

TerebraiHiti sulcata (Lat. tcrebro to boro, and 
sulcata furrowed), a Noocomiau fossil, 103, 104. 

T. digbna (Or. digomi double-angled), a species 
of cretaceous fossil, 105. 

'rertlary epoch in geology (Lat. trrtius the tliird), 
different forniutions ‘>f the, 71. HU; the terms 
Eocene, J\Iiocenc, and Pliocene given to the 
lower, middle, aiul upper forinatlons, IIG note ; 
lower tertiary, 117; middle tertiary, 119; upper 
terthiry, 120 ; vai'ious deposits and fossils of the, 
117, US, 120, 121 outlhio of tertiary scenes, 
122 et srq. 

^Tctragonolepis ((Ir. tetra four, gonfu an angle, 
and icpis a scale), restored form of the, 95, 96. 

'•'uxtularla (Lat. text ns woven), a middle terilury 
fossil, 119, 120. 

Thebes, view of the plains of, and its muddy 
detritus, 172, 173. 

Imvigata (Gr. Thetis, and Lat. Itcvi- 
gat a smoothed down), a fossil shell of the 
Neocomlan series, 101, 105. 

Ticketing days, for the sale of ores, 285. 

Tidal action on a const, 41. 

Tides, physical causes and agencies of, 15. 

iTiOstone locks, 74. 

Tilgatobcds of the AVcaldcn series, 102; remark- 
able reptilian fossils of the, 102. 

Till, deposits of. 121. 

'fin stroamlng, the mining operation of, 259. 

Tortoise, Immense fossil of the newer tortiaiy, 
124, 125. 

Towns, water supply fur, 199, 2'Jl. 

'Irachytic rocks (Gr. Irachys rough), 52. 

Trade-winds, 11. 

Trap rocks (Dan. trappe a stair or stoo), 54. 

Trees of the carboniferous period, 98, 89. 

Triassic limpet (Gr. trias throe), the fossil, 93. 

Trlassle series of the secondaiy epoch, 71, 91. 

Trig^nia alaformis (Or. treis three, and 
gonia an angle; Let. ala a wing, and forma 
shape), a Neocomlan fossil, 103. 


T, gibbOsa (Lat. gibbosa crook-backed), an 
oolitic foBsU, 100. 

T, scabra (Gr. trigonia (riangled, and Lat. 
scabra rough), a cretaceous fossil, 100, 109. 

Trilobltes (Or. treis t'.irco, and lobos a lobe), 
ancient sitecics of. Gi) ; fossiKzcd 72, 73; groups 
of, 74, 75. 

Trout, tail of the, 80. 

Truth, importance of, in works of genius, ISS, 
189. 

Tubbing, method of, in cool inliios, 2:17. 

Turbo subcostatus (Lat. turbo a top, and su5- 
costatus ribbed beneath), a r('d8niutstonufos.sil, 
81. 

Tiirrllito (Lat. t arris a tower, and li/Aos a stone) , 
a gault fossil, 104, 105. 

Tut-work for mining uperullons, 27G. 277. 

XT 

Undercliff, Isle of Wight, geological features of 
the, 1G4. 

Uii'lcrgroinid work in mines, 2s2. 

l/fiio IP aide n sis (Lai. tinio the onion pearl), n 
Wealden fossil, 101 

V 

Valleys, physical characteri'.tics of, 25. 

Vegetation, coal foniiatloiis produced from, 87; of 
calcareous rocks, 162; scanty on the ted sand- 
stone and quartz rock, 171; on gr.itillu rock, 
181; 801110 curious results of, 188. 

Veins, ininund, 2C3, 2G4 ; r.ike veins, 264; pii>0 an<l 
(lat veins, 265; (illing of, and liitcrsecUng, 267 ; 
afiucous theory of, 26U; igneous theory, 271; 
electrical theory, ib. (see Minrrai. Vkins). 

Ventilation, necessity for, in coal luliies, 240, 242; 
various methods of, 24.1, 241. 

Vienna, tertiary deposits of, 71* 

Volcanic scenery, pecnliariiies of, 177* 

Volcanoes (Hal. from Vutran), physical charac- 
teristics of, 29, 30; range of. In dlirenml parts 
of the world, 30; violent eruptions of, .30, 31; 
lava of, 31 ; eruption of Jorullo, in Mexico, ib , ; 
ofCotapnxi, aiounts Etna, Vesuvius, and Eg- 
mont, Iceland, &c.. 17H, 179; extinct, pic- 
turesque objects, 176 ; niaiiy in Asia Minor. &c,. 
180, 151. 

W 

Wages of miners, 283. * * 

Wales, vast mineral (Iclds of, 260. 

Wallbcnd colliery, number of safety lamps In the. 
245; orders respecting, 246. 

Warping of land, process of, HC'* 

Water and Air, action of, on exposed coasts. 24. 

Water-contents of various rocks, 200. 

Water supply, geology of, 198; sources of, for 
towns. IM. 202. 
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Water, proport tou of, uii the surfuco of tlio curih, 
5, 14; physical distribution ttiid phcuiuinoua of, 
13,14; rango of teuiioratuni of, 14, iri; circula- 
tion of, oil tlio globe, 16, 17; quauiily received 
from the atmosphere upon UioImihI, 17; buMer* 
raueuii (‘niptlone of, 29; mecliaiiicai ctfects of, 
on tile carlirs snrlhce, 37 : physiral and;:oologi. 
cal action of, IM ; natural erosion of, 166; action 
of, on rockB, Ih/; distribution aud circulntlon 
of, 198, 203; river and spring water, 202; rela- 
tive purity of, ih . ; accidents in coal mines from, 
248. 

Waterfalls abound in sandstone diitriets, 171 . 

Waves, the viirioiM pliciioincna of, lo; inagnitudo 
and velocity of, ib. 

Wciililcn series (Dutcli, wvatd, a forest) of the 
secondary e|)Ocli, 71 » lOl ; consisting of Purlicck 
beds, Hastings sand, and Weald clay, i6.; group 
of fossils of the, 101. 


Weald clay of Sussex, 10SL 
Weather, ctTcct of, on cool mine explosloiis, 247* 
Wells, for supplying water, 200; Artesiea, 201. 
Wenlock group of rocks, 74. 

Whim, the mining machine so c.aUed, 2S4. 

Whitby Cliff and Abbe^', wealiicrlng of theioek 
of, 173, 174. 

Winds, jierlodlcal, 1 1 . 

Winzes in mines, 2/8. 

Wo(hI, use of, as ftiel, 217 et 

W'orks of genius, Imixirtancc of troth In, 188, 189. 

W'orld, map of the, 0. 

Worms, fossilized, 72, 73. 

Wrasse, tail of tlic, 80. 

Y 

Yorkshire, vast mineral fieldi of, 261 
Yorkshire flagstones, 212. 





INDEX 


CUTSTAIiLOGEAPHT ASB MINERALOGY. 


A 

AbichitP, 5 Kl. 

Abrnzitc, TilO. 

Aciciilito, 40!). 

Achmatitp, 526. 

Acliiritc, 514. •• 

Acmitc, 439, 442, 443, 444, 525. 

ActiiiolitP, 524. 

Adamantine spar, 5U7. 

Aduluria, 519. 

.l^ljririnc, 525. 

.lilrolitp, 191. 

.^•Isohynitc, 417, 420, 422, 424, 43U, 530. 
A^almatolite, 516. 

« Agates, 509. 

Agnesite (carbonate oftinnnth), 538. 
Akanticon, 526. 

Alabandinc (sulphuret of manganese), 297, 209, 
301, 302, 496. 

Alabite, 525. 

Albite (Lat. albus, white), 45S, 460» 401, 462, 
463, 1G4, 466, 167, 468, 520. 

Algcrite, 439, 412, 443, 414, 518. 

Allanite (black Biliccous oxide of cerium), 480, 
412, 417, 450, 452, 453, 529. 

Allochroit, 527. 

Allophane (Gr. alios, and phaAno, to appear), 
515. 

Alloy of iridium and osmiun, 402. 

Alloy of iridium and platinum, 4SZ, 
Alluaudite, 546. 

Almandinc, 527. 

Almandine ruby, 507. 

Alstonite, 417, 421, 422, 125, 426, 430, 535. 
Altaite (telluride of lead), 297,. 403. 

Alum, 297, 209) 401, 548. 

Alum, ammonia,. 548. 

Alum, soda, 543. 

Alumina, phosphate of, 548. 

AluDqJpate of magnesia, 507. 

Aluminite, 544. 

Alunite, 391, 400, 401, 543. 

Alunogen (hair salt), 541. 


Alvinc, 516. 

Amalgam (hydrargurct of silver), 297, 209, 
301, 302, 304, 307, 310, 311, 192. 

Atnu/on Ktoiip, 519. 

Amber, 551. 

Ainblygonite (prismatic amblygniiito spar), 
117, 549. 

Amethyst, 508. 

Amianthus, 524. 

Ammonia, sulphate of, 417, 420, 421, 422, 424, 
425, 426, 430, 510. 

Ammonia alum, 543. 

Ainphibolc (hornblende), 43!), 442, 44!), 44j, 
445, 446, 447, 448, 449, 451, 152. 453, 454, 
456, 457 , 524. 

Ainpbigeno, 521. 

Amphodelitc, 521. 

Analcimr, 297, 307, 518. 

Anataso (pyramidal titanium oro), 360, 362, 
363, 365, 367, 36S, 370, 370, 529. 

Andalusitc, 417, 420, 421, 422, 423, 125, I27» 
515. 

Andreolite, 519. 

Andreasljergolitc, 510. 

Anglaritp, 546. 

Angles of crystals, 290. 

Anglcsitc (sulphataof lead), 417, 420, 421, 422, 
424, 425, 428, 430, 431, 433, 542. 

Angles of latitude, explanation of, 403. 
Anhydrous peroxide of manganese, 503. 
Anhydrous soolecitc, 520. 

Ankeritc, 391, 400, 401, 402, 537. 

Annabergite (arseniate of nickel), 130,448,546. 
Anorthic system of crysUils, 457 ; minerals 
belonging to, 458 ; parameters and axes, ib. 
Anorthite, 521. 

Anortl\i)tomous felspar, 521. 

Anorthotype system, 457. 

Anthophillite, 524. 

Anthosiderito, 514. 

Anthracite (glance coal), 405, 555. 

Antigoritc, 511. 

Antimonite (gray anttaony)* 420, 421, 422, 
423, 434, 425, 426, 480, 481, 438, 500. 
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AutLuionsilbcr (uutiinonial silTcr), 417, 420, 
422, 424, 425, 42(), 427, 430, 431, 433, 4t)l. 
Antimonoclier, 532. 

Antimony (nativu), 385, 300, 391, 400, 102, 403. 
Antimonisil copper fiance, 500. 

Antimonial nickel, 494. 

Antitomous felspar, 521. 

Antrimolitc, 517. 

.Apatite (phosphate of lime, Gr. apatao, to 
iloceivo), 390, 391, 393, 394, 395, 400, 401, 
402, 405, 410, 411, 550. 

Aphanesc, 545. 

Aphrizito, 534. 

Apophyllitc (Gr. njiOf and phyUon, a leaf), 3G0t 
302, 3G3, 307, 510. 

Aquamarine, 52 j. 

Aragonite, 417, 120, 421, 422, 430, 53U. 

Arcanitc, 540. 

Arcndalite, 520. 

Areometer, Nicholson's, 480. 

ArfvcdMonitc (peritomous augito spur), 439, 
443, 414, 525. 

Argentiferoua copper glance, 490. 

Argentitc (sulphurct of silver), 297, 299, 302, 
304, 307, 310, 500. 

Arikinitc, 199. 

Arkanbitc, 529. 

Arpedelito, 529. 

Arrangement and description of minerals, 
491. 

Arsenic, 391, 400, 499. 

Arsenic, oxide of, 511. 

Arsenical cobalt, 494. 

Arseiiicul iron, 502. 

Arsenical nickel, 497. 

Aiscnical pyrites, 495. 

Arsenkite of nickel, 494. 

Arsenite, 299, 5 14. 

Arseniurct of co]>pci% 495, 

Artificial crystals, 290. 

Asbestos, 524, 525. 

A&bolanc (earthy cobalt), 500. 

Aspasialite, 527. 

Astrakhanitc, 540. 

Atacamitc, 552. 

Augitc, 439, 412, 413, 444, 447, 448, 450, 151, 
452, 453, 454, 458. 

Anrichalcitc, 538. 

Auro-plumbiferous tcllurct, 493. 

Automalite, 507. « 

Autunitc (yellow uranlte), 360, 518. 
Avanturinc, 50!). 

Axes of crystals, 200. 

Axes of the cube, 295. 

Axlnite, 458, 460, 461, 462, 463, 475. 4C6, 407, 
468, 535. 

Axis, 200, et scq. 

Axotomous antimony glance, 501. 

Azotomous augite spar, 626. 


Axotomous triphane spar, 519. 

Aisuritc, 539, 548. 

B 

llahingtonite, 458, 460, 461, 462 526. 
ilaierine, 531. 

Uaikalite, 525. 

Balas ruby, 507. 

Baltimoritc, 511. 

Bamlitc, 515. 

Baryte (sulphate of barytes), 417, 420, 421, 
422, 423, 124, 430, 540, 

Buryto^alcite, 439, 442, 444, 417, 418, 452, 
535. 

Bnrytophillite. 525. 

Basal pinacoids, 360. 

Bastite (schillcr spar), 526. 

Batrachite, 512. 

Bcilstein, 519. 

Bcrengelite, 355. 

Bcrgmannite, 517. 

Bernstein, 554. 

Berthicritc (sulphurct of antimony and iron), 
501. 

Beryl, 528. 

Berxelinc (scleniurct of copper), 495. 

Ber/elite, 541. 

Biaxial mica, 522. 

Bicberite (sulphate of cobalt), 439, 442, 444, 
418, 450, 451, 541. 

Bildstein, 51G. 

Biotite (hexagonal mica), 523. 

I Biotite, 390, 391, 400. 

I Bismuth (native), 391, 400, 492, 

Bismuth blende, 514. 
j Bismuthinc, 417, 420, 422, 434, 499. 

I Bismuthiferous sulphurct of nickel, 498. 
j Bisiunthite, 538. 

. Bismuthochre, 506. 

Bitumen, 554. 

Bituminous coal, 556. 

Black coal (bituminous coal), 556. 
i Black cobull ochre, 506. 

Black Jack, 496. 

I Black hematite, 503. 

I Black manganese, 504. 

Black oxide of cobalt, 506. 

Black spindle, 507. 

Bl'ick Bttlphuret of antimony ani( silver, 
! 501. 

Blende, antimony, 532. 

I Blonde (sulphuret of zino, the Black Jack of 
! miners), 297, 299, 301, 802, 304, 807, 310, 

496. 

Blood stone, 509. 

Blue asbestos, 523. , 

Blue copper, 498. 

Blue lead, 499. 

Blue spinellc, 507. 
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Blue vitriol (sulphate of copper), 458, 4G0, 4Ci, 
462, 463, 464, 466, 468, 544. 

Bole, 516. 

Bonadorfflte, 527. 

Boracite, 297, 299, 301, 307, 534. 

Boraeltoid, the, 336. 

Boracio acid, 458, 460, 461, 462, 463, 466, 
467. 

Bomine, 403. 

Bomite (purple copper), 297, 299, 498. 
Botryogeu (retl vitriol ; Gr. botrus a bunch of 
grapes), 439, 442, 443, 444, 452, 542. 
Botryolite, 534. 

Boulangcrite, 500. 

Boulangeritc (sulphurct of antimony and 
lead), 500. 

Bournonite, 417, 420, 421, 422, 423, 424, 430, 
500. 

Brachy-pinacoids, 418. 

Brachytypous manganese ore, 504. 

Brachytype zinc baryte, 512. 

Bragationite. 439, 442, 44^ 450, 454, 527. 
Brandisite, 512. 

Brunnite, 360, 362, 365, 5(14. 

Breithaupitc (antimonial nickel), 300, 391, 391, 
494. 

Breunnerite (carbonate of magnesia), 400. 
Brewsterite, 439, 442, 443, 444, 518. 

Bright white cobalt, 503. 

British Museum, classiftcation of minerals in, 
491. 

Brittle sulphurct of silver, 501. 

Brochantite, 417, 421, 422, 424, 542. 
Brogmartin, 540. 

Bromite, 297, 299, 553. 

Bronzite (hemiprismatic schillcr spar), 439, 
442, 443, 414, 511. 

Brookite, 417, 420, 421, 422, 423, 430, 529. 
Brown coal, 556. 

Brown hematite, 505. 

Brucite (rhombohedral kuphone glimmer), 
390, 391, 505. 

Bucholzite, 515, 539. 

Bucklandite, 439, 442, 447, 527, 450, 527. 
Bulstein, 519. 

Buntkupifcrerz, 493. 

Buratite, 538. 


G 

Cacholong, 510. 

Calaite, 549. 

Calamine (carbonate of zinc), 538. 

Calamine, 390, 391, 400. 

Calcite, 390, 391, 400, 401, 536. 

Cefcdonite (cupreous sulphato-carbonatc of 
lead), 417, 420, 421, 422, 430, 543. 
Calophonitc, 527. 


Calomel (muriate of mercury), 360, 362, 303, 
365, 367, 553. 

Cancrinite, 521. 

Capillary snlphuret of antimony, 500. 

Carburet of iron (plumbago), 495. 

Carnclians, 509. 

Giisaitcrlte (tin stone, oxide of tin), 360, 362, 
363, 365, 367, 506. 

Castor, 521. 

Catsc 3 *e, 509. 

Cancrinite, 521. 

Cavolinite, 521. 

Cnwk, 540. 

Celestinc (sulphate of strontia), 417, 120, 421, 
422, 424, 430, 540. 

CcTCtitc, 513. 

Ccrino, 529. 

Cerite, 513. 

Ccrussito (carbonate of lead), 417, 120, 422, 
424, 430, 538. 

Cervantite, 532. 

Chalamito, 499. 

'"habasic, 390, 391, 100, 401, 516. 

Clralcolite, 548. 

Chalcedony, 509. 

Chalk, 537. 

Chalkophyllit, 516. 

Chalkopyritc, 498. 

Chalybito (spathoso iron), 390, 391, 394, 40(^, 
401, 537. 

Characteristics of minerals, 481. 

Chathamito, 494. 

Chemical composition of minerals, 482. 
Cbef-sylitc (blue carbonate of copper), 430, 
412, 443, 414, 417, 448, 419, 450, 451, 452, 
453, 454, 455, 456, 4 '>9, 539. 

Chisistolitc, 515. 

Childrenite, 417, 421, 430, 549. 

Chiolite, 360, 3G7, 551. 

Chloanthitc, 417, 422, 494. 

Chlorite (Or. chlorot green), 391, 524. 

Chlorito spar, 525. 

Chloritoid, 525. 

Chloropul, 513. 

Chlorophioite, 513. 

Chlurophyllite, 527. 

Chloro-spinclle, 507. 

Chodnewite, 551. 

Cbondrodite, 552. 

Cliriclitonitc, 531. • 

Cbrislianitc, 458, 460, 461, 462, 103, 164, 466, 
467, 468, 510, 521. 

Chromite (chromate of iron), 207, 299, 533. 
Chroniochrc, 533. 

Cbrysoberyl, 417, 420, 421, 422, 424, 430. 
Chrysocolla (copper green), 514. 

Chrysolite (Gr. cArysos gold, and /itAos stone), 
512. 

Chrysoprase, 509. 
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ChryBopbane, 512. 

ChryBOtilc, 511. 

Cinnamon etonc, 527. 

Cinnabar, 390, 391, 400, 499. 

Circles of latitude on sphm of projeotioii, 403. 
Cistirite, 529. 

Classifleation of crystala, 29S. 

ClauMthalitc (sclcniurct of lead), 297, 49G. 

Clay ironstone, 53S. 

Cleavage, 293. 

Cleavelanditc, .520. 

Clingmanite, 523. 

Clino-domes (faces of the oblique prism), 440. 
Clinorlioinbic system, 438. 

Clintuiiitc, 391, 512. 

Clo.'inthitc (white nickel), 494. 

Coal, 550. 

Cobtilt, sulphate of, 439. 

Cobalt arsenical, 494. 

Cobaltinc (bright white cobalt], 207, 299, 310. 
Cobaltinc (cobalt glance), 503. 

Cocciiiite (iodurct of mercury), 553. 

Cullyritc, 510. 

Columbito, 531. 

CorabiiKitions of the pyramidal system, 381— 
381. 

Conihinntions of the rhombohedral system, 413 
ct seq. 

Combinations of the prismntio system, 430 et 
seq. 

Combination of the forms of the euhe and octa- 
hedron, &c., 315—325. 

Coiiibinatioii of the cube and tetrahedron, &o., 
345—354. 

Common opal, 510. 

Cuinmon felspar, 519. 

Compound crystiillinc forms, 201. 

Com])touiic (kuophono spar), 417, 420, 421, 
422, 421, 517. 

Condiirrile, 4J»5. 

Conncllitc (sulphato-chloride of copper), 390, 
553. 

Copiapate, 542. 

Copal, fossil, 554. 

Copalinc, 554. 

Copper, octahedral arseniatc of, 417, 422. 
Copper, 297, 299, 307, 310, ‘491. 

Copper used for stamping machinery because 
it does not emit spaiks, 491. 

Copper, lenticular a.seniatcof, 545. 

Copper, prisiniitic arseniatc of, 418, 421, 422. 
Copper, nickel, 494. 

Copper, green, 514. 

Coquimbitc, 390, 391, 542. 

Cornclte, 508. 

Cordierile, 417, 420, 421, 422, 424, 430, 527. 
Cornwullitc, 545. 

Corundum, 390, 391, 394, 395, 400, 401. 
Cornndellite, 523. 


Corindon, 607. 

Cotiiiinite, 417, 420, 422, 480, 552. 

Covcillne (blue copper), 498. 

Covcllinc, 390, 301. 

Crednerite (oxide of manganese and oopper), 
439, 504. 

Crocoisltc, 533. 

Cronstedite (rhombohedral mclane mica), 391, 
400, 513. 

Cross stone, 619. 

Cryolite, 417, 420, 421, 651. 

Crysobcryl (prismatic corundum), 508. 

Crystals, artificial, 290. 

Crystals, crystalline and amorphous eub- 
Btances, 291. 

Crystals, fonns of, independent of their faces 
and edges, 202. 

Crystals, the six systems of :— the cubical, the 
square, the hexagonal, the prismatic, the 
oblique, and the anortbio or doubly oblique, 
294. 

Crystals, systems r' 293, 

Crystiils, twin, 4G0. 

Crystals which become pseudomorphons by total 
change of substance, 476. 

Crystallography, explanation of the science, 
289. 

Cubauc, 297, 408. 

Cube, the, 29-1 ; axes of the, 295 ; symbol Of, 
29(i ; how to describe n net for, ?!)7. 

Cubical system, the, of crystals, 291. 

Ciimmingtonite, 524. 

Cuprite (red Oxide of copper) 297, 209, 301, 304, 
307, 310, 505. 

Cyanose, 542. 

Cymophanc, 508. 

Cyprinc, 526. 

D 

Datholitc (siliceous borate of lime), 417, 420, 
421, 422, 424, 430, 534. 

Davidsonite, 528. 

Davync (named in honour of Sir II. Davy), 

, 390 , 391, 394, 395, 521. 

Davytic kouphonc spar, 521. 

I Dcclicnitc, 533. 

I Decrement, illustrations of the law of, 355, et 
■ si q. ; spherical molecules, 359. 

• Decrement on edges, 355, ct seq. 

I Dihexagonul prism, to draw the, 401; forms 
of the, 405. 

I Dclphinite, 52G. 
i Dcltohcdron, the, 305. 

DelvauxinCi 547. 

Dclvauxite, 547, 

Derived rhombic pyramids, 431 ; of second 
order, 132 ; third order, 431. 

{ Derived oblique rhombic octahedrons, 453. 
i Derived oblique octahedron of the second 
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class, 454 ; of the third class, 456 ; symbols. 

Donbly-oblique prism, flrat order, 459; eym- 

forms, ftC', 455. 

bols, ib. ; net for, 460 ; crystals belonging 

DeriTed donb1y>6bliquo octahedrons, 467. 

to, 461. 

Dcvoiiitc, 548. 

Doubly-obliquc rhombic prism of tho third 

Diadoebite, 54G. 

order, 463. 

Diallage, 439, 511, 525. 

Doubly-obliquc rhombic prism of tho fourth 

Diallogiic, 390, 391, 400, 401. 

Diallogite (carbonate of manganese), 538. 

order, 464. 

Doubly-obliquc octahedron, 465; asms, sym- 

Diamond, 297, 299, 301, 304, 310, 495. 

bols, &c. of, ib. ; net for, 466. 

Diamorphisni, 476. 

Double refraction and polarised light, 487. 

Diuspore, 417, 420, 421, 423, 424, 430, 507. 

Dufrenite (phosphate of iron), 417, 546. 

Diatomous nugite spar, 513. 

Dufrciioysite, 361, 307, 502. 

Diatomous kouphoiie spar, 518. 

Dypyre, 522. 

Diatomous Schiller spar, 525. 

Dysclasitc, 510. 

Dichroite, 527. 

Dillnitc, 516. 

E 

Diopside, 525. 

Dioptasc (emerald copper. Or. dia through. 

Karthy carbonate of magnesia, 511. 

and optomai to see), 390, 400, 401, 514. 

Kurthy manganese, 504. 

Diplogonous kouphon spar, 518. 

Earthy cobalt, 506. 

Diploid, the, 341. 

Edingtoiiitc (pyramidal brythinc spar), 360, 

Diploite, 520, 522. ^ 

362, 365, 517. 

Diprismatic copper glance, 500. 

Edwardsite, 549. 

Diprismatic zeolite, 318. 

ICdgCK of crystals, 290. 

Dipyre, 522. 

Egeran, 526. 

Dirhombohedral eiitom glance, 503. 

Ehlite, 548. 

Dirhombohodric smaragd, 528. 

EisciinickelkioH, 299, 497. 

Disomose, 407. 

Kisenkicsel, 509. 

Distliciic, 515. 

Ekebergito, 522. 

Ditctragonal prism, the, 372. 

Elementary bodies, list of, wltli tlieir symbols, 

« Dodccahcdial amphigenc spar, 522. 

4S2. 

Dodecahedral corundum, 507. 

Eiifolite, 522. 

Dodecahedral dySiomc glance, 498. 

Kmbolitc, 297, 299, 553. 

Dodecahedral garnet blende, 496. 

Kiiibrithite, 500. 

Dodecahedral iron ore, 106. 

Emerald copper, 514. 

Dodecahedral xeulltc, 531. 

Emerald, TOO, 391, 3!)4, 395, 400, 401, 528. 

Dolomite, 39«, 391, 400, 401. 

Kmerylile, 523, 528.' 

Dolomite (bitter sjTar), 537. 

Einpyrodoxous felspar, 522. 

Domeykite (arseniuret of copper), 435. 

Epidote ( prisma toidal uugito spar), 439, 412, 

Double six-f.icod pyramid of the second order, 

413, 441, 417, 4 18, 450, 452, 453, 526. 

396 ; axes, symbols, &c., of, ib. 

Epihtilbitc, 117, 121, 422, 518. 

Double six-faced pyramid, derived fAm the 

Epsoinitc (Epsom salt), 417, 421, 422, 424, 430, 

pyramid of the second order, 397. 

541. 

Double four-faced pyramid of the first order, 

Eremite, 549. 

363 ; axes, symbols, net, &c., 364 ; crystals 

Krinitp, 545. 

peculiar to, 36.>. 

Kvythinc (red cobalt), 516. 

Double four-faced pyramid of the second order. 

Erythrine (cobalt bloom), 439, 443, 447, 452. 

with axes, symbols, dec., 366—2^; sphenoid, 

Eriibescite, 198. 

the, 371. 

Esiuarkite, 527, 534. 

Double six-fiiced pyramid of the first order, 

J’:s>onite, 527. • 

392 ; axes, symbols, faces, &c., ib. 

Eucharite, 417, 4?0, 422, 424. 

Double six-faced pyramid derived from the 

EucUrovite (prismatic emerald malachite ; Gr. 

pyramid of the first order, 302; forms of. 

eHc)iroiaj beautiful colour), 645. 

which occur in nature, 394. 

Eiiclasc (prismatic smaragd; Or. cm easily, 

Double eight-faced pyramid, 374 ; axes, sym- 

; and khiu to break), 439, 442, 143, 444, 447, 

bols, 5:c. of, 375; not for, ib.; crystals 

' 452, 453, 451, 456,528. 

wiose faces occur parallel to the, 376. 

: I- udnophite, 417, 420, 121, 422. 

Doubly-obliquc rhombic prism of the second 

! Eiilytine (bismuth blende), 297, 299, 301, 302, 

order, 401. 

307, 514. 
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Eudialyto (rhoinbohedral almandrine spar), 
300, 391, 400, 401, 550. 

Eukairite (aeleniuret of copper and ailvcr}, 
495. 

Eudnophito, 618. 

Euklastic disihcno apar, 507. 

Eulytine, 514. 

Eumanite, 529. 

Euxenite (Or. euxenoa a stranger), 531. 
Explanation of the terms, facca, edgea, angles, 
axes, &o., of crystals, 290. 

F 

Faces, edges, angles, and axes of crystals), 

200 . 

Faces of crystals, inclination of, 290 et seq. 
Fahlerz (gray copper), 297, 299, 301, 307, 310, 
502. 

Fahlnnite, 527. 

Fanjasite, 360, 365, 520. 

Fayalitc, 417, 420, 421, 422, 423, 430. 

Fassite, 525. 

Federerz, 500. 

Felsobanyitc, 548. 

Felspar (amazon stone), 439, 442, 443, 444, 447, 
449, 452, 453, 454, 456, 519. 

Fer calcardo siliccux, 525. 

Fergusonite (pyramidal mclano ore), 360, 363, 
367, 530. 

Ferrotitanite, 531. 

Feucrblende, 439, 442, 443, 444, 450. 

Fibrolitc, 515% 

Fichtelite, 555. 

Fifth system of crystals— the oblique, 438. 
Figure stone, 516. 

Finer, 304. 

Fiorito, or pearl sinter, 510. 

Fire-stones, talc used for, 523. 

Fire opal, or girasol, 510. 

First system of crystals, 294. 

Fischerite, 549. 

Flexible silver, 500. 

Flint, 509. 

Float-stone, or spongiform quartz, 509. 
Flosferri, 536. 

Fluerblendc, 502. 

Fluellite (fluoride of aluminium), 417, 420, 430, 
551. 

Fluocerite (neutral fluato of cerium), 390, 391, 

Wl. 

Fluor (fluato of lime; Lai,fluo to flow), 550. 
Forms of crystals, 291, £92. 

Four-faced cube, faces, symbols, &c., 308; 
forms of and net for the, 309 ; crystal having 
faces parallel to this form. 

Fourth system of crystals, the prismatic or 
rhombic, 417. 

Franklinito (dodecahedral iron ore), 297, 299, 
801, 304, 307, 506. 


Francolite, 550. 

Freicslebenite (sulphuret of silver and anti- 
mony), 439, 442, 444, 447, 450, 451, 452. 
Frugardit, 526. 

O 

Gahnitc (automalitc), 297, 299, 507. 

Galena (sulphuret of lead), 297, 299, 804, 306, 
307, 499. 

Gnlmci, 512. 

Gulliclnite, 520. 

Gadolonitc (from Gadolin, its discoverer), 529. 
Garnet, 297, 301, 302, 307, 810, 527. 

Garnets, coarse, used instead of emery for 
polishing metals, 527. 

Garnsdorflte, 544. 

Gaylussite, 439, 442, 444, 449, 452, 537. 
Gchlenite (pyramidal adiaphane spar), 360, 
362, 527. 

Geokronite, 500. 

Oersdorfitte (arsenical nickel), 297, 299, 310, 
497. 

Gibbsite, 548. 

Giescchite, 527. 

GIgantollte, 527. 

Gillingitc, 513. 

Gisniondine, 519. 

Olaserite (sulphate of potash), 417, 420, 421, 

422, 424, 430, 540. 

Glassy felspar (satildlne), 519. 

Glaucodote, 417, 522. 

Glance coal (anthracite), 495. 

Glaucophane (Gr. glaiikos bluish-gray, and 
phaine to appear), 523. 

Glauber salt, 540. 

Glaubcrite, 439, 442, 444, 452, 453, 540. 
Glaucolite, 503. 

Gmellnite (heteromorphous kouphone spar), 
390, 391, 400, 517. 

Goccolite, 525. 

Gold, 297, 299, 307, 301, 300, 493. 

GonioAeters (instruments with which to 
measure angles), 293, 477. 

Goslarite (sulphate of dne), 417, 422, 424, 430, 
541. 

Goshenitc, 528. 

Gothite (prismatic Iron ore), 417, 421, 422, 

423, 424, ^0, 505. 

Grammatite, 524. 

Graphic tellurium, 493. 

Graphite (plumbago), 890, 391, 495. 

Gray copper, 502. 

Gray oxide of manganese, 503. 

Gray silver, 538. 

Greenockite (sulphuret of cadmium), 390, 391, 
394, 395, 498. 

Greenovite, 529. 

Gray antimony, 500. 

Groppite, 516. 
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OroMilUr garnet, 527. 

Grttnauite (sulpUaret of nickel), 297, 299, 498. 
Guanite, 554. 

GuroUte, 517. 

Gu\ aquillite, 555. 

Gypsum (sulphate of lime), 439, 443, 444,447, 
449, 450, 452, 453, 456, 541. 

Gyrolite, 517. 

H 

naicUngerlte, 417, 421, 422, 501. 

Halloyaitc, 515. 

Haloide (octahedral lluor), 545, 546, 548, 550. 
Ilalotrichito (feather alum), 541. 

Hardness, specific gravity, fracture, colour, 
lustre, brittleness, flexibility, malleability, 
taste, smell, &c., of minerals, 483 ejt aeq. 
Hard white cobalt, 494. 

Ilarmotomc, 417, 421, 422, 430, 519. 

Hartito, 555. 

Hartin, 555. 

Ilartiiiannitc, 497. 

Hatchettino, 555. ^ 

llaiicrite, 297, 299, 301, 310, 490. ‘ 
Huusmannitc (black manganese), 3G0, 362, 
365, 367, 504. 

Huiiyii, 5 2. 

Uauyne, 297, 299, 301, 302, 514. 

Hayesine, 5M. 

Hedyphnne, 550. 

^Heliotrope, or bloodstone, 509. 

Helvin (tetrahedral garnet, Gr. e/io«, the sun), 
229, 528. 

Hematite, 390, 391, 394, 395, 400, 401. 
Ilemihcdric rhombic system, 438. 

Uemihcdral forms of the cubical system, 330. 
Ilemihcdral foriiis with inclined faces, 330; 
parallel faces, ib. 

Hcmrhedrul four-faced pyramid, 377. 
Hemiorthotype system, 438. 

Hemiprismatic talk glimmer, 522. 
Hemiprismatic sulphur, 502. 

Hemipyraniid, the, 453. 
llemipyramidul spar, 517. 

Hemiprismatic dystom glance, 502. 
Hemiprismatic Schiller spar, 511, 
Hemiprismatic ruby blende, 501. 

Hriiiitropc crystals, 469. 

Hcnkelite, 500. 

Hepatite, 510. 

llerderite (prismatio fluor haloid), 417, 420, 
422, 430, 549. 

Ilermatite (iron glance), 504. / 

Hcrschclite, 517. 

Hesingerite, 513. 

Hessite, 493. 

HeteBosite, 430, 547. 

Ileterotomous felspar, 520. 

Hcnl jndite, 439, 442, 443, 444, 449, 450, 409, 518. 


Hewkellte, 500. 

Hexakistetrahedron (six^faced tetrahedron), 
336. 

Hexahedral kouphone spar, 518. 

Hexahedral glance blende, 406. 

Hexagonal scalenohedron, the, 407. 
Hexagonal cobalt pyrites, 503. 

Hexahedral iron pyrites, 497. 

Hexahedral lend glance, 499. 

Hexahedral silver glance, 500. 

Hisingeritc, 513. 

Holmesitc, 512. 

Holohedral forms of the pyramidal system, 
359. 

Honcystone, 553. 

Homoemorphous bodies, 476. 

Hornbictido, basaltic, 524. 

Hornblende, common, 524. 

Horn stone, 509. 

Horn quicksilver, 553. 
llornsilver, 5.53. 

Hiimboldtilite, 526. 

Ilumboltine (oxulato of iron), .553. 

Hmnbolite, 534. 

JIumite, 439, 442, 443, 444, 447, 449, 450, 451, 
452, 453, 454, 455, 552. 

Hunuilite, 517. 

Hurcaiilito, 439, 4 12, 411, 4.i0, 5 17. 

Ifyncintb, 514. 

Hyalite, or Muller’s glass, .510. 
llyalosiderite, 512. 

Hydrarguret of silver, 492. 
llydrnrgyllitc, 390, 391, 507, 548. 

Hydrous oxide of inHiigancsc, 504. 
Hydroboracite, 534. 

Hydrolitc, 517. 

llydroinugncsitc (native magnesia), 537. 
Ilydrophane, 510. 

Hydros! liccous copper, 514. 

Hydrous oxide of iron, 505. 

Ilyperstenc, 439, 442, 413, 448. 

Ilypersthene, 525. 

I 

Iberlte, 527. • 

Ice, 390, 301, 505. 

Ice or snow, crystals of, 473. 

Ichthyopthalmite, 516. 

Idocrase (pyramidal gamrt), 360, 362, 363, 
365, 367, 526. 

Igbite, 536. 

Ilmenit^ (tltanltic iron), 390, 391, 391, 400, .531. 
Ilvaite, 417, 420, 422, 423, 429, 430, 525. 

Indigo copper, 408. 
lodite (iodie silver), 553. 
lolite, 527. 

Iridium (alloy of iridium and platingm), 297, 
299, 403. 
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Irite, 299, 505. 

Iron (native iron), 297, 299, 491. 

Iron, chr}’BoUtc, 514. 

Iron, siilphnte of, 541. 

Iron, tunRBtntc of, 418, 420, 421, 422, 423. 

Iron cobalt, 494. 

Iron glance, 504. 

Iron pyrites, 497. 

Iron flint, 509. 

Iron-flail, or ferrnginoiiB quarta, 509. 
Irregular twenty-four faced trapezohedron 
341 ; fuce«, angles, symbols, &c., of, 342 
net for, 344. 

iBcrine, 297, 299, 301, 530. 

Isomorphism, 47G. 

Isomctrical cobalt-kies, 497. 

Ittnerite, 302, 522. 

Ixolyte, 555. ^ 

Jade, 519. 

Jamesonlte (nxotomous antimony glance), 417 
420, 421, 422, 501. 

Jasper, 509. 

JefEbrsonite, 525. 

Johannitc, 439, 442, 443, 444, 447,. 542. 
Johnsonitc, 532. 

Judianite, 521. 

Jodicolite, 534. 

Juranitc, 529. 

Sb 

Knkokene (Gr. hdkos bad, and j-e/ios a guest), 
549. 

Kalochrome, 533. 

Kammereritc, 524. 

Kaolin (porcelain earth, felspar), 520. 

Xaproid, the, 334. 

Karpholite, 528. 

Karstenitc (anhydrous Bulphatc of lime), 417, 
420, 421, 422, 430, 541. 

Kanite (prismatic disthene spar), 458, 515. 
Keffekil, 511. 

Keilhauite, 530. 

Kerate (muriate of Bilver), 297, 299, 302, 553. 
Keraoine, 552. 

Kermes (rod antimony), 439, 442, 447, 502, 532. 
Kibdelophane, 531. * 

Kilbriekenite, 500. 

KlcBsel malachite, 514. 

Killinite, 527. 

Klaproihine (lasnlet), 439, 442, 443, 447, 448, 
450, 452,453, 543. 

Kllnoolase (oblique prismatic aTseniate of 
copper), 439, 442, 447, 545. 

KobelUte (salphoret of ontimony, lead, and 
1iinnnth),501. 

Koniehaloite, 548. 

Konlite, 554» 

Kottlglte, 439, 443, 548. 

KrissaTigite, 542. 


Krokydolite, blue asbestos (Gr. krokw^ a flock 
of wool), 525. 

Krokoite, 533. 

Kr>i)tolite (a phosphate of oxide of cerium), 
547. 

Kimitc, 544. 

Kupfernickcl (copper nickel), 300, 391,395, 494. 
Kupferindig, 498. 

Kupfershaum, 510. 

Kupfersmaragd, 514. 

Kyanite, 015. • 

L 

Labradorite (Labrador felspar), 520. 

I/ibrador hornblende, 520. 

Labradorite, 458, 4G0, 4G1, 4G2. 

Labrotite, 520. 

Laiinitc (hydrous phosphate of copper), 439, 
442, 450. 

Lanarkitc, 513. 

Lapis lazuli, 544. 

Lapis ollaris, 523., 

Lasionitc, 548. 

Lnsur malachite, 539. 

Latrobite, 458, 4G2, 522. 

I^ancastcrite, 537. 

Lanthanite (carbonate of cerium), 360, 3C2, 
538. 

Laumonitc, 439, 412, 443, 441, 452, 518. 
Lazulite, 548. 

Lead, native, 299, 492. 

TA>ad, sulphate of, 417 ct scq. 

LeadhilUtc (sulphato-earboiiate of lead), 417, 
420, 421, 422, 424, 4:’.0. 543. 

Lcucophane, 458. 

Ichmannitc (chromate of lead), 439, 443, 444, 
447, 448, 449, 452, 453, 454. 

Lehmannitc (red lead ore), 533. 

I.cnncitc (sulphurct of cobalt), 407. 

Lenzinite, 515. 

Lerhachite (seleniurct of lead and mercurv), 
297, 496. 

Leonbardite, 518. 

Levyne (maorolypous kouphone spar), 391, 
400/517. 

Lepidomelane (Gr. Icjna a scald, and melaa 
black), 523. 

Lepidolite, 439, 442, 443, 444, 523. 

Lepolite, 521. 

Lettsomite, 542. 

Leucite (Or. /eukos. white), 802, 807, 531. 
Leucopyrite, 495. 

Leucitoid (the twenty-four-faced trapezohe- 
dron), 805. 

Leucophane, 551. 

Leuchtenbergite, 524. 

Libethenite (phosphate of copper), 417, 422. 

4iS,430,M7. 

Ildertte,U». 
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J^ievrite, 525. 

Lime, anhydrous sulphate of, 417, 420, 421, 
422, 430. 

Lime harmotomc, 519, 

Limnite (hydrous oxido of iron), 505. 

Linarite (cupreous sulphate of lead), 439, 442, 
443, 444, 542. 

Linneito (sulphurot of cobalt), 207, 299, 497. 
Liroconite (octahedral arseniuto of copper], 
417, 422, 545, 

Loboit, 526. 

Loganitc (hydrosilicate of alumina and mag- 
nesia), 417, 420, 422, 524. 

Lolingito (arsenical pyrites), 417, 420, 422, 
495. 

Lithonitc, 523. 

Lithomarge, 511. 

Litliia mica, 523. 

Lunnite (hydrous phosphate of copper), 54S. 
Lydian stone, 509. 

DC * 

Macherite, 552. 

Macro-pinucoids, 418. 

Macrotypoiis kouplioiic spar, 517. 

Magnesian linicstoiie, 537. 

Magnesite (carbonate of magnesia), 537. 
Magnesia, 511. 

Magnetic iron pyrites, 497. 

^Magnetite (magnetic iron ore), 297, 299, 302, 
304,307, 310, 504, 511. 

Magnesia, sulphur of (Kxisom salt), 5-11. 
Magnesite, 400, 511. 

Malachite (green carbonate of copper], 439, 
442, 443, 444, 514, 5:19. 

Malachite (dystomic habroncme), 545. 
Malacoiie, 515, 530. 

Malacolitb, 525. 

Malachite, hemiprisinatlc dystomc, 548. 
Malachite, pseudo, 518. 

Malachite, prismatic olive, 545. 

Malachite, dtprismatic olive, 547. 

Malachite, pyramidal euchlore, 548. 

Malachite, hexahedral liroconc, 545. 
^Manganese, phosphate of, 418. 

*Manganite, 417, 420, 421, 422, 423, 421,430. 
Manganitc (gray oxide of manganese], 503. 
Manilite, 320. 

Map of principal zones in the cubical system, 
827 et seq. 

Map of crystals, 320. 

Marble for statuary, 536. 

Maroasite (white iron pyrites), 417, 420, 422, 
430, 497. 

Mai^yrite, 439, 442, 443, 444, 447, 448, 450, 
454, 455. 

Margarita (hemiprismatic perl glimmer), 430, 
523. 


Marinolite, 511. 

Mascagnine (sulphate of ammonia), 417, 420, 
421, 422, 421, 430, 510. 

Masonite (chlorite si)ar), 525. 

Matlocklto, 3G0, 362, 363, 305, 367, 552. 
Meerschaum, 511. 

Mogalagonous kunphonc spar, 313. 

Melanterite (green vitriol), 541. 

Mclanochroitc, 533. 

Melanterite. 412, 4b9, 443, 411, 447, 448, #150. 
Melanite, 527. 

Melllite, 526. 

Mellitc (mcllate of ulumina), SdO, 362, 305, 
367, 553. 

Menaccanitc, 531. 

Mondipite, 417, 420, 421, 422, 552. 

Mengito, 417, 422,424, 430, .)J0, 519. 

Mennige, 506. 

Mercury (native), 209, 192. 

Meroxen, 523. 

Melonlte, 522, 

Mcsitinc, 390, 391, 400, 539. 

Mesutype, 417, 422, 430, .517. 

MesoUte, 517. 

Metalloid diallago, 525, 526. 

Meteoric iron, 491. 

Meteorite, 491. 

Motaxite, 311. 

Method of obtaining artliicial crystals, 29.). 
Miargyrite (hemiprisinatlc ruby-bleiiilc*), 501. 
Mica, 439, 412, 113, 414, 151, 152, 4.5), 522. 
MicroUto» 529. 

Middlctonltc, 5-55. 

Middlerino, 493. 

Miemite, 537* 549. 

MlkrokUn, 519. 

Millerite (nickel pyrites), 399, 409, 401, 407. 
Milk quartz, 308. 

Milo8chlup,516. 

Miinetltc (urseniato of lead), 390, 301, 394, 395, 
400,401,550. 

Mineral, what wo understand by the werd, 

I 481. 

Miner^ assume mathematical forms, 481. 
Minerals, species of, characteristics of, 481 ; 
forms and chemical composition of, 482; 
symbols of, 483 ; hardness, &c., 484 ; streak 
of,ib. ; spcciflc gravity of, with lllustrutiouH 
explanatory, ib. ; arrangement and descrlp- 
tion of, 491. • 

Minerals buioiiglng to tbe pyramidal system, 
360. > 

Mineralogy, definition of the seicnee, 481. 
Minium (rod oxide of lead), 500. 

Mirabilite (sulx)hate of soda), 439, 442, 413, 444, 
449, 452, 453, 540. 

i Mispickel (arsenical iron], 417, 420, 422, 430, 
I 502. 

j Mocha stone and moss agnte«, 500. 
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AludilicatiuiiH ul form of cry^tald, 202. 

ModumiUs 

Molecules, 355. 

Molybdcna silver, 493. 

Mulybdenilp, 390, 391, 395, 503. 
Molybdanucher, 533. 

Molybdic acid, 531. 

Moiiiizitc, 439, 442, 443, 414.-447,448, 450, 452, 
153, 549. 

Monocliiiohedric syKtem, 438. 

MiUirolitc, 515. 

MoiiticcUito, 417, 422, 423, 512. 

Moon stone, 519. 

Mountain wood, 521. 

Moroxitc, 550. 

Morveriite, .519. 

MoH.iiidrite, 530. 

Mulk'i'iiu*, 493. 

Muller’s trlass, 510. 

Miillieitc, 546. 

Murclii>uuite, 519. 

^luKcovite, 522. 

Mui'i.iciti‘, 541. 

Musboiiite, 530. 

N 

Nudolcrx (needle ore), 499. 

Nuftyagitc (black or foliated tellurium), 360, 
362, 363, 365, 367, 493. 

NaphtUu (earth oil), 554. 

NutroUth, 517. 

Natron (carbonate of soda), 439, 443, 441, 447, 
448, 450, 535. 

Natural proiiertics of all minerals, 481, et scq. 
Nauiiiunnite (seleuiuret of silver), 297, 496. 
Needle ore, 409. 

Needle spur, 536. 

Needle stone, 517. 

Nephrite ( j -de, (jr. nephros^ a kidney), 519. 
Nephelinc (Ur. ncphele, a cloud), 390, 391, 
395, 522. 

Nickel pyrites, 497. 

Nickel, arseiiiuto of, 439. 

Niarinc, 529. • 

Nickeliferous fpray antimony, 498. 

Nickel bismuth glance, 498. 

Niobite, 418, 420, 421, 422*423, 424, 430, 531. 
Nitratine (nitrate of soda), 400, 401, 539. 

Nitre (nitrate of poush), 418, 420, 421, 422, 
430, 539. 

Noble opal, 510. 

Nuscau, 544. 

Noiitromite, 413. 

Nuttuhte, 522. 

0 

Oblique mica, 522. 

Obliq'ie prismatic arseniate of copper, 545. 
Obnqne pyramids of the first class, 453. 


Oblique rectangular prism, 439; parameter, 
axes, symbols, &c. of, 440 ; net for, 441. 
dblique rhombic octahedron, 451 ; axes, sym- 
bols, &c. of, ib. ; net for, 452. 

Oblique rhombic prisms derived from those of 
the second order, 450. 

Oblique rhombic prism of the first order, 443 ; 

symbols, &c. of, ib. ; net for, 444. 

Oblique right piisms on a rhombic ba^e of the 
second order, 449. 

Oblique system of crystals, 438 ; minerals be- 
longing to, 439; sphere of projection for 
the, 442. 

Octagonal prism, the, 372 ; how to draw forms 
of the, 373; net for, 373. 

Octahedral ammonia suit, 552. 

Octahedral and hepatic cupper pyrites, 498. 
Octahedral arseniate of coi)pi-r, 545. 

Octahedral arsenic acid, 544. 

Octahedral chrome ore, 533. 

Octahedral copper ore, 505. 

Octahedral corund.4m, 507. 

Octahedral fliior haloidc, 550. 

Octahedral iron ore, 604. 

Octahedral koupbone spar, 522. 

Octahedral lead glance, 499. 

Octahedral titanium ore, 529. 

Octahedrite, 529. 

Octahedron, the, 298; rel uions of, to the cube, 
ib. ; symbols of, 299 ; net fur, ib. 

CErsteditc, ■‘>15, 530. 

Oil stains in cloth, talc used for removing, 
523. 

Oisauitc, 529. 

Okonite (dyclasitc), 510. 

Oligiateiroii, 504. 

OLigoclase (Gr. oliffos little, and klao to cleave), 
458, 462, 463, 465, 466, 467, 521. 

Olivenitc (right prismatic arseniate of copper), 
515. 

Olivenitc (prismatic arseniate of copper), 418, 
421, 422, 424, 430, 545. 

Olivine, 418, 420, 422, 423, 424, 512. 

Oinphazite, 625. 

Onc-and-oiie-iuembercd system, 457. 

Onegite, 505. 

j Onofrite (selcnluret of mercury), 496. 

! Oolite, 537. 

I Ouzite, 527. 

I Opaline felspar, 520. 

Ojial (resinous quartz), 510. 

Ophite, 511. 

Oi'ichalcite, 538. 

Orpiment (yellow sulphurct of arsonio), 418 
421, 422. 424, 430, 502. 

Orthite, 529. 

Ortlioclasc, 519. 

Orthotomous felspar, 619. 

Orthotomous kouphone spar, 617. 
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' Orthotype (one and axial) system, 417. 

Perowskine, 547. 

Oniiielitc, 520. 

Perowdeite, 297, 299, 302, 304, 307, 310, S30. 

Osiuiridlum, 390, 891, 895, 492. 

Perthlte, 519. 

Osiniridium (alloy of iridiusi and osmium). 

Pctallte (prismatic petaline spar), 521. 

492. 

Petroleum, 554. 

Ostranite, 515. 

Petzite (telluride of silver), 207, 493. 

Ottrclite, 511. 

Petzite (telluretof silver), symbol and system. 

Oxalate of iron, 558. 

characteristics and country, 493. 

Oxalate of lime, 554. 

Phacolite, 616. 

bxiilit, 553. 

Pharmacosidcrito (arseniate of iron), 297, 209, 

OxhaTerite, 516. 

302, 304, 545. 

Oxide of antimony, 532. 

Pharmacolite (arseniate of lime), 439, 442, 

Oxide of arsenic, 544. 

443, 444, 540, 544. 

Oxide of bismuth, 506. 

Pbenakite (rhoinbohedrnl smaragd. Or. phe~ 

Oxide of inunttuncse and copper, 504. 

fioz, a deceiver), 390, 39.>, 400, 401, 528. 

Oxide of inolybdciLUin, 533. 

Phillipsite, 418, 421, 422, 430, 519. 

Oxide of tin, 506. 

Phmnicite, 533. 

Oxide of titanium, 529. 

Phonicit, 533. 

Oxide of tunt^ften, 508. 

Phunikochroit, 533. 

Oxide of uruniuin, 606. 

Phosgenite (murlo-earboiiato of lead), 300, 

Oxydulatcd iron, 504. 

362, 363, 365, 367, 550. 

Oxokerite, 555. * 

Phosphate of alumina, 548. 

P 

Pulagonite, 514. 

Phosphate of copper, 547. 

Phosphate of iron, 646. 

Phosphate of lead, 549. 

Palladium, 299, 492. 

I'hosphate of lime, 550. 

Purunthine elaiii spar, 522. 

Phosphate of manganese, 547. 

Parasite, 391, 395, 539. 

Phosphate of uranium, .'ilS. 

Paratomoiis augito spar, 525. 

Phosphate of yttria, 548. 

^Puratoiuous lead baryta, 543. 

Phosphocalcitc, 548. 

Paratomous lime haloide, 537. 

Phosphorite, 550. 

Pargasite, 439, 142, 443, 414, 453. 

Phrelmitc )axutOiuous triphane spar), 519. 

PargAsitc (hornblende), 624. 

riiyllitc,61l. 

PariHiic, 539. 

Piaiizite, 555. 

Patriiiite (pi urn bo-cupriferous sulphuret of 

Picrolite, 511. 

bismuth), 418, 499. 

I'icrosiiiiiie (Gr. pikrot bitter^ and omim 

Paulite, 525. 

Biiicll), 418, 421, 422, 512. 

Pearl sinter, 510. 

Pictite, 529. 

Pearl spar, 537. 

Pinacoids, 420. 

Pechuraii (pitch-blcndc), 209, 506. 

Piiigoite, 513. 

Pectoliie, 520. 

Pi idle, 527. 

Pissophanc, 544. 

PeerHchiium, earthy carbonate of, 556. 

Pulioina (prismatic quartz), 527. 

ribtomeslte, 589. 

Pennine, 524. 

Pistacite, 526. 

Pentagonal dodecahedron, 339 ; faces, ongles, 

Pitch-blcndc, 506. 

• symbols, edges, &c., of, 340; net for, 341. 

Pitchy iron ore, 547. 

Pcrcylite (a hydrochloride of lead and copper). 

Placudiiiv, 439, 441, 447, 448, 449, 495. 

Plagionite (hemii>risiuatic dystuui glance), 439, 

297, 299, 302, 310, 563. 

Periclase, 505. 

411, 452, 453, 502. 

Pericline, 520. 

Plasma, 509. ^ 

Peridot, 612. 

Platinum (native platina), 297, 402. 

PcritoDiousatitimony glance, 502. . 

Platonid bodies, 353. 

Peritomous augite spur, 525. 

Plattneritc, 390, 391, 507. 

Peritomous hal-baryta, 686. 

Plausitc, 555. 

Peritomous kouphone spar, 617, 619. 

Plesiomorphous bodies, 476. 

Peritpmous lead baryta, 652. 

I^lomgomme (hydrous aluminate of lead), 608. 

Peritomous ruby blende, 499, 517. 

Plumbago (black lead), 495. 

Peritomous titanium ore, 529. 

Pluinbo-cnpriferous sulphuret of antimony. 

Perliclase, 297, 299, 506. 

500. 
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i'lumbo-cupriferous siilphuret of bismuth, 499. 
riumbo-rcsiuite, fiOS. 

Plumositc (capillary sul phate of antimony] ,500. 
Polarised light, 487 ct seq. 

PulcH of crystals, 290 ct se(i. 

Polianite, 418, 421, 422, 503. 

Polichromatio felspar, >520. 

Pollux, 520. 

Poonahlitc, 517. 

Potash mica, 522. 

Potash, nitrate of, 418. 

Potash, sulphate of, 417,420, 421,422, 424, 430, 
540. 

Potstonc, 52.‘i. 

Polyallitc (Gr. potm many, and afs salt], 511. 
Polybasitc, 300, 391, 395. 

Polyhalitc, 118, 420, 421, 422, 541. 

Polyliydrite, 513. 

Poly k rase, 118, 422. 430, 530. 

Polyiiilgnitc, 418, 120, 422, 424, 430. 
Folymignitc (prismatic melanc ore), 530. 
rolys])hu:ritc, 519. 

Porzcllansputh, 418, 521. 

Prase, 508. 

Prascniite, .527. 

I’rclmitc, 418, 420, 422, 519. 

Prisniatic aiublygonitc spar, 5 10. 

Prismatic andalusite, 515. 

Prismatic antimony glance, 500. 

Prismatic arsenical pyrites, 502. 

Prismatic auglte spar, 510. 

Frisiiiatio axinltc, 53.5. 

Prismatic bismuth glance, 100. 

Prismatic bitter salt, 541. 

Prismatic boracic acid, 531. 

Prismatic borax salt, 534. 

Prismatic calamine, 512. 

Prismatic carbonate of soda, 535. 

Prismatic chrome ore, 53:i. 

Prismatic chrysulitii, 512. 

Prismatic cobalt mica, 540. 

Prismatic copper glance, 408. 

Prismatic copper mica, 543. 

Prismatic corundum, 508. 

Prismatic eutom glance, 500. 

Prismatic disthciie spar, 515. 

Prismatic dystomc, 542. 

Prismatic dystomc spar, 534. 

Prismatic emerald malachite, 545. 

Prismatic cuchlord mica, 540. 

Prismatic liuor haloide, 540. 

Prismatic garnet, 528. 

Prismatic lial-baryta, 640, 

Prismotic iron ore, 505. 

Prismatic iron mica, 046. 

Prismatic iron pyrites, 497. 

Prismatic lead baryta, 042. 

Prismatic lima haloide, 03G. 

Prismatic mclanc glance, 50!. 


Prismatic luelano ore, 539. 

Prismatic olive malachite, 545. 

Prismatic oliTenitc, 547. 

Prismatic ore, 505. 

Prismatic or rhombic system, 417 ; sphere of 
projection for the, 422. 

Prismatic oxide of manganese, 503. 

Prismatic petaline spar, 521. 

Prismatic plcrosmine steatite, 012. 

Prismatic purple blende, 502, 532. 

Prismatic quartz, 527. 

Prismatic schcel ore, 532. 

Prismatic siniiragd, 528. 

Prismatic talc glimmer, 523, 524. 

Prismatic tantalum ore, 531. 

Prismatic titanium ore, 529. 

Prismatic topaz, >551. 

Prismatic wavclinc haloide, 548. 

Prismatic zinc baryte, 512. 

Prismatic zinc ore, 506. 

Ih’ismatoidal atigite spar, 526. 

Prismatoidal lead baryta, 543. 

Prismatoidal manganese ore, 503. 

Prismatoidal schillcr spar, 525. 

Prismatoidal sulphur, 502. 

Prismatoidal trona salt, 535. 

I’roustitc (rcfl silver), 390, 391, 400, 001. 
Psathyrite, 5>55. 

Pseudomalachite, 548. 

Pscudomorphous crystals, 474 ; crystals which 
become pseudomorphous by exchange of in- 
gredients, 475. 

Psilomclano (Gr. jmhs smooth, and mcltrt 
black, black hematite), 503. 

Purple copper (bornitc), 498, 

Fuschkinite, 52C. 

Fycnlte, 551. 

Pyramidal adiaphane spar, 527. 

Pyramidal bry thine spar, 517. 

Pyramidal cerium baryta, 551. 

Pyramidal copper pyrites, 408. 

Pyramidal euchlore malachite, 548. 

Pyramidal garnet, 526. 

Pyramidal kouphono spar, 51C. 

Pyramidal lead baryta, 533. 

Pyramidal manganese ore, 504. 

Pyramidal melane ore, 530. 

Pyramidal mcliebrome resin, 553. 

Pyramidal perl kerato, 558. 

Pyramidal scheel baryta, 582. 

Pyramidal system, 359 ; list of minerals be- 
longing to^ 360; combinations of the, 
381-384. 

Pyramidal tin ore, 006. 

Pyramidal titanium ore, 020. 

Pyramidal zircon, 014. 

Pyramidal zeolite, 016. 

Pyrargyrite, 390, 391, 400, 501. 

Pyrargyllite, 027. 
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Tyrenttite, 9ftSk 
ryrgome, 62u. 

Pyritoid, the, 339. 

Pyrite (iron pyrites, sulphnret of iron), 207, 
299,302, 304, 307,310,497. 

' Pyrophyllite, 418, 524. 

Pyrosmalite (axotomous perl mica), 550. 
Pyrochlore, 297, 290, 302, 307. 

Pyroije, 527. 

I Pyromorphite (phosphate of lead], 390, 391, 
395, 401, 549. 

Pyrophysalite, 551. 

Pyrochlore (octahedral titanium ore), 529. 
Pyrorthite, 629. 

Pyroluslte, 418,420, 421, 423, 503. 
Pyrosmalite, 390, 391, 395, 503. ^ 

Pyroxene, 525. 

Pyrrhotine, 390, 391, 395, 400, 401, 497. 
Pyrrhosidcrite, 505. 


Quartz, 508. « 

B 

Eodiolite, 517. 

llammelsbcrgite (white arsenical nickel), 297, 
290, 302, 494. 

Rnphilite, 524. 

Itcnlgar (red sulphnret of arsenic), 439, 442, 
« 443, 441, 447, 449, 450, 452, 454, 455, 45G, 502. 
Ked antimony, 503, 532. 

Itcd cobalt, 54G. 

Ked iron ore, 504. 
lied lead ore, 53:). 
lied manganese, 538. 

Red oxide of copper, 505. 
lied oxide of lead, 50G. 

Red oxide of zinc, 506. 

Rcdrnthitc (ritreous copper), 41 S, 420, 422, 
430, 498. 

Red silver, 501. 

Red zinc, 506. 

Red siliceous oxide of cerium, 513. 

Red sulphuret of arsenic, 502. 

Red sulphate of iron, 542. 

Red vitriol, 542. 

Regular pentagonal dodecahedron, 353. 
Remolinite (muriate of copper), 418, 421, 434, 
430, 652. 

Resin (pyramidal melichrone), 553. 

Resin, Highate, 554. 

Resinous quarts, 510. 

Retinalite, 511. 

Retiiiite, 554. 

Retinasphalt, 554. 

Rhodoerositc, 538. 

Rhodonite (sillciferous oxide of manganese), 
439, 442, 443, 444, 513. 


Rliodozite, 299, 302, 531. 

Rhauzit, 515. 

Rhoe u'iind, 537. 

Rhqmbic dodecahedron, 300 ; symbols of, 301 ; 
net for, ib. ; to describe the face of, ib. ; 
minerals with crystals of this form, ib. 

Rhombic pyramid 429 ; axes, symbols, &c., of, 
ib., net for, 430. 

Rhombic sphenoid, the, 435. 

Rhombohcdral almnndino spar. 550. 

RhombohedrnI alum haloide, 513. 

I Rhombohcdral arseniate of copper, 51G. 

Rhombohedral cerium ore, 5i:). 

Rhombohcdral corundum, 507. 

Rhombohcdral dystom ghance, 501. 

Rhombphedral clain spar, 522. 

Rhombohedral emerald imilaeliite, 51 1. 

Rhombohcdral felspar, 522. 

Rhombohedral iluor haloide, 550. 

Rliombohcdi*al iron ore, 504. 

Rhombohcdral iron pyrites, 407. 

Rhombohedral kotiphonc gliininor, 505. 

Rl'.ombohcdrnl kouphoiic s;tar, 51 G. 

Rhombohcdral lend baryta, 549. 

Rhombohedral lime haloide, 53G. 

Rhombohedral mclunomieu, 513. 

Rhombohedral quartz, 508. 

Rhombohcdral riiby-hlende, 5(il. 

Rhombohedral smaragd, 528. 

Rhombohcdral system of cr>'s1n1s, 384 ct seq. 

Rhombohcdral system, combinations of, 413 
et Bcq. 

Rhombohcdral talc glimmer, 523. 

Rhomimhedral zeolite, 51 G, 

Rhombohcdral zinc baryta, 538. 

Rhomb spar, 537. 

Rhomboid, the, 39S; symbols, poles, &c., of, 
and nets for, 309 ; minerals with their faces 
parallel to, 400 ; may be derived from double 
six-faced pyramid, 401 ; illustrations of this, 
402 ; poles of the clcrlvcd, 403 ct sc>q. 

Rliyacolite (Or. rynx a lava stream), 450, 443, 
413, 447, 449, 4^, 452, 522. 

Riemanite, 515. ^ 

Right prismatic arseniate of copper, 515. 

Right prismatic bar}'tu-calcitc, 535. 

Right rhombic prism of the first order, 421 ; 
symbols, ftc., for it, ib. ; net for, ib. 

Right rhombic prism of the second order, 425; 
symbols, ftc., of, 420 ; ]|^les of, 427. 

Right rhombic prism of the third order, 427. 

Right prism on an oblique rhombic base, 446 ; 
symbols, Ac., of, ib. ; net for, 447 ; prisms 
derived fh)m the right prism on an oblique 
rhombic base, 448. 

Bight rcctangnlar prism, 418 ; to draw sym- 
bols, Ac., 419 ; net for the, ib. ; parameters 
of, ib. 

Riolitc, 496. 
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Bipidolite (Or. r(pw, a fan), 390, 301, 394, 400, 
401,324. 

Ripodolitlh 624. 

Rock cryntal, 608. 

Rock salt, 662. 

Rodochrotne, 524. 

Roestone, 637. 

Romanoaite, 627. 

Rosellte, 418, 420, 422, 430, 644. 

Rose or milk quarts, 608. 

Rubellite, 614. 

Rubellan, 523. 

Rutile (oxide of titanium), 360, 362, 363, 363, 
367, 629. 

Ruby blende, 601. 

Ruby copper, 605. 

a 

Sagenite, 629. 

Sahlitc, 626. 

8al ammoniac, 297, 299, 302, 632. 

Saltpetre, 539. 

Silt, rock, 552. 

Salt, 297, 299, 302, 310, 552. 

Salmiak, 552. 

Saffloritc (arsenical cobalt), 297, 209, 307, 494. 
Saiiiarskite, 418, 531. 

Sunidine, 519. 

Surcolite (octahedral koupbonespar), 360, 302, 
363, 365, 367, 517, 522. 

Sassoline (native borocie acid), 458, 460, 461, 
462, 463, 466, 467, 534. 

Satin spar, 530. 

Saynite, 408. 

Scalenohedron, the, 379, et seq. 

Scalenohedron, forms of the, 409, ct seq. 
Scapolite, 360, 362, 363, 365, 367, 522. 
flearbroite, 510. 

Sebeel lead, 632. 

Sehrotterite, 516. . 

Scheelite (tungstate of lime], SOCT, 862, 363, 
365, 367, 632. 

Sebeererite, 439, 554. 

Sohiffer spur, 536. 

Schiller spar, 520. 

Schmelssteln, 522. 

Schorl, 534. 

Seholesite (needlestone, Gr. tJMex, a worm), 
439, 441, 444, 452, 453, 517. 

Scborlomlte, 531. 

Sohulsite, 418, 424, 480, 500, 

Seorodlte (martial arseniate of copper], 418, 
420, 421, 422, 424, 430, 545. 

Soorsa, 526. 

Schrifters, 493. 

Second system of crystals, the pyramidal, 359. 
Selcnluret of copper and silver, 406. 

Seleniuret of lead and mercury, 496. 
Seleniuret of lead and copper, 496. 


Semi-opal, 510. 

Selbitc (carbon.*ite of silver), 538. 

Seleniuret of copper, 405. 

Seleniuret of lead, 496. 

Seleniuret of mercury, 496. 

Seleniuret of silver, 496. 

Selenium, 495. 

Selenite, 541. 

Senarmontite, 299, 604. 

Sepiolite, 511. 

Serbian, 516. 

Serpentine (so called from its spotted or snake- 
like markings), 511. 

Seybertite, 512. 

Siderite, 508, 637. 

Sideroachixolite, 513. 

Silicate of bismuth, 511. 

Siliceous borate of lime, 634. 

Siliceous oxide of sine, 512. 

Siliceous sinter, 610. 

Siliciferous oxide of manganese, .513. 
Siliciferoiis oxide of cerium, 51.1. 

Siliclte, 620. 

Sillimanite, 515. 

Silver (native), 297, 299, 302, 310, 492. 
Six-faced octahedrou, 310; symbols for, 311 ; 
to draw, ib. ; axes of, 312 ; to describe a 
net for, 313 ; forms of the which occur in 
nature, 314. 

Six-faced tetrahedron, 336 ; faces, edges , 
angles, ftc., of .136 ; net for, 837. 

Sixth system of crystals, the anorthic, or 
doubly oblique, 457. 

Skuttcrudlte (hard white cobalt), 297, 299, 
302, 304, 494. 

Slate spar, 536. 

Smaltino (arsenical cobalt), 297, 299, 302, 307, 
494. 

Smaragdite, 524. 

Smaragdochaloit, 652. 

Smectite, 615. 

Smithsonite (siliceous oxide of sine), 418, 420, 
422, 612, 538. 

Smoky quarts, 608. 

Snow or ice, crystals of, 478. 

Sospstone (steatite), 611, 523. 

Soda, sulphate of, 418, 420. 

Soda alum, 643. 

Soda, muriate of, 652. 

Soda, striated, 535. 

Sodalite, 207, 302, 307, 550. 

Sodium, chloride of, 552. 

Sommerviilite, 360, 862, 363. 366, 526. 
Sommite, 622. 

Sordawallte (firom Sordanla in Finland), 627. 
Sparry iron, 688. 

Spartalite (red oxide of slno), 800, 891, ^00, 
Spathose iron, 683. 
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Species, vffl^us, of minerals, 481. 

Specular iron, 604. 

Sphenoid, the (irregular tetrahedron), 359. 

Speciiio grarity of minerals, how to take the, 
484. 

Sphrosiderlte, 537. 

Sphene (Or. sphm a wedge), 439, 443, 443, 
4k4, 447, 448, 450, 456, 629. 

Sphere of projection, 326; for the oblique 
system, 492. 

Spinelle (aluminate of magnesia), 297, 299, 
362, 304, 307, 507. 

Spodumene (Gr. spodot ashes), 439, 442, 443, 
444, 450, 452, 521. 

Square prism, 3S1 ; parameters, symbols, Ac., 
of, ib.; net for, 362; minerals peculiar to 
the, 362, 363. 

Stalactites, 537. 

Stannine (sulphuret of tin), 297, 302, 499. 

Statuary marble, 536. 

Staurotypous kouphone spar, 519. 

Staiir/>'Me (prismatic gaiyet, (Or. MtauroM a 
cross), 418, 420, 421, 422, 519, 538. 

Steatite, 511, 523. 

Steinmannite (octahedral lead glance), 297, 
299, 499. 

I Stellite, 520. 

Steiiiheilite, 527. 

Sternbergite (flexible siWer), 418, 420, 422, 
430, 500. 

^Steinmark, 511* 

Stephanite (brittle sulphuret of siWer), 418, 
420, 421, 422, 430, 501. 

Stereographlc projection of the sphere used in 
mapping erystals, 327. 

Stiipnomelane, 391, 513. 

Stilbiie, 418, 420, 421, 422, 430, 511, 518. 

Stolsite, 360, 362, 363, 365, 367, 532. 

S'ruhlcrz, 545. 

Stranlstein, 524. 

Stri-ak, the property so called in minerals, 
484. 

Striated soda, 635. 

btrontian, carbonate of, 418, 430. 

Stroniian, sulphate of, 417 et seq.' 

Strontianite (carbonate of strontlan), 418, 420, 

• 421,430, 536. 

Stroganowite, 522. 

Stroiiieyerite (sulphuret of sllTer and copper). 
418, 420, 422, 499. 

Struvite, 418, 422, 433, 430, 554. 

Btylobite, 527. 

Subsulphate of uranium, 343. ' 

Succinite, 654. 

Sulphate of alumina, 644. 

Sulphate of ammonia, 640. 

SulrAate of barytes, 640. 

Sulphate of cobalt, 641. 

I' Sulphate of copper, 643. 


Sulphate of iron, 541* 

Sulphate of lead, 642. 

Sulphate of lime, 641. 

Sulphate of magnesia, 541. 

Sulphate of potash, 640. 

Sulphate of soda, 640. 

Sulphate of strontia, 640. 

Sulphate of sine, 641. 

Sulphato-earbonate of lead, 643. 
8ulphato-tri*carbonate of lead, 643. 
Solphato-ehloride of copper, 663. 
Sulpho.tellaret of bismuth, 493. 

Sulphur, 418, 420, 422, 424, 430, 496. 

Sulphuret of manganese, 406, 

Sulphuret of sine, 496. 

Sulphuret of iron, 407. 

Sulphuret of cobalt, 497. 

Sulphuret of nickel, 497. 

Sulphuret of cadmium, 498. 

Sulphuret of silver and copper, 499. 

Sulphuret of lead, 499. 

Sulphuret of bismuth, 499. 

Sulphuret of tin, 499. 

Sulphuret of mercury, 499. 

Sulphuret of silver, 500, 501. 

Sulphuret of antimony, 500. 

Sulphuret of copper and antimony, 500. 
Sulphuret of antimony and lead, 600. 
Sulphuret of antimony and Iron, 501. 
Sulphuret of silver and antimony, 501, 502. 
Sulphuret of antimony, lead, and bismuth, 
501. 

Sulphuret of molybdena, 503. 

Sulphuret of oxide of antimony, 602. 
Superoxido of lead, 607. 

Susannite, 300, 391, 400, 401, 548. 

Syepoorite (sulphuret of cobalt), 497. 

Sylvine (chloride of potassium), 297, 299, 552. 
Sylvanite, 418, 420, 422, 424, 430, 493. 

Symbol for the cube, 390. 

Symbols of minerals, 482 ct seq. 

Symbols for the cube, 296 ; the square, 361 ; 
the hexagon, 364; the rhomboid, 419; the 
oblique, 440 ; fllb doubly oblique, 459. 
Symplesite, 439, 443, 515. 

Systems of crystals, 293. 

T 

Tabular spar, 610. • 

Talc-glapbique, 616. 

Talc (pqtatone), 523. 

Talkupstite, 550. 

Tallc-cblorite, 624. 

Tamarite (rhomboidal arsenlate of copper), 
300, 391, 400, 546. 

Tanulite, 418, 420, 431, 450, 531. 
Tamowitaite, 636. 

Tellurium, native, 391, 400, 493. 

2 »« 


m 


INDEX. 


Tellarwismuth, 390, 3i)l, 108. 

I'cllnret of lead, 493. 

Tellurct of silver, 493. 

3'ellur silver, 493. 

Tephroit, 513. 

Tercnite, 522. 

Tennantite, 498. 

Tessalite, 51(i. 

Tctarto-priainatic felspar, 520. 
'J'ctarfo-prismntic meliine ore, 529. 
Tctarto-prismatic system, 457. 

Tctartine, 520. 

Tctarto-p}TaiiiMl«, 465. 

Tctarto-rhomhic S3’st3m, 457. 

Tctrnphylinc, 547. 

Tctrakis-hcxnhcdron (the four-faced cube), 30S 
Tetradymitc (siilplio-tollurot of bismuth), 493. 
Tetrahedron, 350 ; faces, angles, edges, &c., of, 
and net for, 331. 

Tctraklasit, 522. 

Tetrahedral copper glance, 502. 

'I’ctrahcdral boracite, 534. 

'J'ctrahcdral garnet, 528. 

Tennantite (dodecnbodral dystome glance), 
297, 299, 302, 307, 498. 

Thallite, 526. 

Tharandite, 537. 

Thcnardite (sulphate of soda), 418, 420, 422, 
430, 540. 

Thermonatrite (prismatic carboiftto of soda, 
418, 420, 421,424,430, 535. 

Third system of minerals— the rhombohodral, 
385; forms of, ib.; minerals belonging to, 
384 ; axes of the, 373 ; parameters, 388 ; 
hexagonal prisms, 389 ; map of the, 391, 
Thomsonitc, 517. 

] Thorite, 515. #• 

Thraulite, 613. 

Three-faced octahedron, 302; symbols of, ib. • 
how to draw the, 303 ; axes of, ib. ; inolinu- 
tlcn of the faces of, ib. ; to doseribo a net 
for, ib. 

Thrcc»faccd tetrahedron, 334; faces, angles, 
axes, edges, fto., of, ib. ; for, 355 ; forms 
of the, ib. 

Thrombolitc, 547. 

Thulite, 526. 

Thumerstein, 535. 

Thumite, 635. 

Tincal (borate of V'^la), 439, 442^ 443, 444^ 451, 
452,534. 

Tin, 860, 862, 363,305,307^ 

Tin Stone, 606. 

Tin-white cobalt, 494. 

Tin pyrites, 409. 

Titanite, 520. 
lltanitio iron, 531. 

Tltaniehorl, 520. 

Thorite, 515. 


Topozolite, 527. ' 

Topaz, 418, 420, 421, 423, 424, 430, 551. 
Torberite (copper nranite), 800, 863, 368, 365, 
3G7, 548. 

Towunite, 360, 362, 363, 365, 367, 499. 
Torrelite, 531. 

Tourmaline, 390, 400, 584. 

Traiiezoidal icositetrahedroh, S41. 

Trapezoidal amphigenc spar 531. 

Tremolite. 524. 

Triakistetrahedroni 334. 

Trielassitc, 527. 

Trichlohedrie system, 457. 

, Trigonal dodecahedron, 384< 
i Triphane, 621. 

1 Triphyline, 430, 443, 443, 441, 447, 448, 
; 647. 

I Tripllte (phosphate of manganese), 417, 547. 

I Tritomitc, 299, 513. 

I Trona (prismatoidal soda salt), 489, 685. 
j Troostite, 512. 

I Tscheffkinite. 529. 

I Tungsten, 532. 

Tungstate of lime, 532. 

Tungstate of iron, 532. 

Tungstate of lead, 532. 

Tufa, or calcareous tuff, 637. 

Turglte, 505. 

Turquoise, 649. 

Twelve-faced trapezohedron, 552; faocs, an- 
gles, edges, symbols, axes, &e., of, and net 
for, 555. 

Twenty-four-faced trapezoheditm, 595; how 
to draw the figure of,ib. ; net for, 505 ; forms 
of the 507 ; crystals widch have faces parallel 
to this form, ib. 

Twin crystals, 469 ; net for, 471 ; prismatie 
system of, 475 ; oblique system, ib. ; anoTb 
thic system, 474. 

Two-and-onc membered system, 456. 

Typical forms of crystals, 294. 

Tyrolitc, 418, 420, 431, 422, 546. 

t 

Ullmanitc (sulphuret of antimony), 907, 209, 
302, 407. 

Ultimate molecules, 555. 

Uncleavablc staphyline malMhite, 514w 
UnionIte, 531. 

Unclcavable aznre spar, 540. 

Uncleavablo quartz, 510. 

Uncleavablc manganese ore» 503. 

Uncleavablc nephrite spar, 519. 

Uniaxial mica, 623.; 

Uraine (oxide of nraninm)i 50I, 

Uralorthite, 520. 

Uran-mlea, 548. . 

Uran-ochre, 506. 


IJrai^toaiital, 531. 

Uwaro^tc, 299, 62C. 

V 

Valentlnite, 41S, 422, 

Vanodinite, 590, 591, 532. 

Vanadiate of lead, 532. 

Vanidiate of copper, 533. 

Yanquelinlte (cliroinate of lead), 439, 442, 417, 

452, 533. 

Varic{;atcd copper, 498. 

Velvet copper ore, 542. 

Vermilion, 499. 

Vesavian, 52G. 

Villaraite, 511. 

Vitreous copper, 493. 

Vitriol, white, 541. 

Vivianitc (phosphate of iron), 439, 412, 443, 
444, 447, 448, 449, 450, 152, 453, 454, 510. 
Volborthite (vanadiatc of copper), 533. 
Volknerite, 507. 

Voltaito,£97, 502, 544. 

Voltzinc, 503. 

Voranlite, 548. 

W 

Wad (earthy manganese), 504. 

Wagneritc, 439, 442, 444, 4'47, 450, 451, 452, 

453, 454, 549. 

'■Valchowitc, 555, 

Walframochcr (oxide of tungsten],* 508. 

* Wandatein, 537. 

Wavellite, 418, 422, 430, 548. 

Websteritc, 544. 

Weissite, 527. 

Wcrncritc, 522. 

White arsenical nickel, 491. 

White antimony, 532. 

White nickel, 404. 

White iron pyrites. 497. 

White vitrol, 541. 

^VhewelUte (oxalate of lime], 439, 442, 441, 
444, 447, 554. 

Wichtisite, 523. 

WUlemite, 390, 391, 400, 512. 

'Wismuthocher (oxide of bismuth), 500. 
Witherite (carbonate of barytes), 418, 420, 421, 
422, 430, 636. 

Withamite, 526« 

Wohlerito, 531, 

Wolchite, 418, 420, 421, 422, 500.] 


Wolchonskoitc, 533. 

Wolchite (antimonial copper glance), 500. 
Wolfram (tungstate of iron), 418, 420, 421, 
422, 423, 424, 430, 532. 

Wolfram ochre, 508. 

Wolfsbergite (sulphuret of copper and anti- 
mony), 418, 420, 421, 422, 424, 500. 

Wood opal, 510. 

Woolastonitc (tabular spar), 439, 442, 141, 419, 
450, 452, 454, 510, 520. 

Worthite, 515. 

W^ulienitc, 3GO, 3G2, 3G3, 3C5, 3G7, 533. 

X 

Xanthoeonc, 391, 400, 503. 

XanthophylUt, 512. 

Xanthortite, 529. 

Xcnotinc, 548. 

T 

Yellow copper ore, 408. 

Yellow sulphuret of arsenic, 5>)2. 

Yellow lead ore, 533. 

Yf'llowuranitc, 54H. 

Yellow telhiriuin, 493. 

Ycmte, 525. 

Ytterbitc, 528. 

Yttro-lllmcnite, 531. 

Yttrio, phewphate of, 5 18. 

Yttrotitanitc, 530. 

Yttrocerite (pyramidal cerium baryta), 51!. 
Yttrotantalite, 531. 

Z 

Zinckenite (rhombohcdral dyrttomglaocc), i " . 
SiCeagonite, 510. 

ZChotync, 360, 363, 365. 

Zoolith, 517. 

Zircon, 3G0, 3G3, 303, 305, 3G7, 514. 

Zincite, 50G. 

Zinc, sulphate of, 117, 422, 421, 430. 

Zinc spar, 538. 

Zinc glass, 51J^^ 

Zinckenite, 418^^1, 422. 

Zones, 32G. 

Zolsito, 439, 443, 414, 52G. 

Zorglto (selcniuret of lead and copp;r), 197. 
Zundererx, 532. 

Zurlite, 52G. 

Zursclite, 418. * 

Zwisciite (iron apatite], 118, 517. 









